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Impact of adequate lymph
nodes dissection on survival
in patients with stage I
rectal cancer

Peng-Lin Liu, Dan-Dan Wang, Cheng-Jian Pang
and Li-Ze Zhang*

Department of Anorectum, The Affiliated Hospital of Qingdao University, Shandong, China
Background and Aims: The NCCN guidelines recommended an assessment

of ≥ 12 lymph nodes (LN) as an adequate LN dissection (LND) for rectal cancer

(RC). However, the impact of adequate LND on survival in stage I RC patients

remained unclear. Thus, we aimed to compare the survival between stage I RC

patients with adequate and inadequate LND.

Methods: A total of 1,778 stage I RC patients in the SEER database from 2010 to

2017 treated with radical proctectomy were identified. The association

between ≥ 12 LND and survival was examined using the multivariate Cox

regression and the multivariate competing risk model referenced to < 12 LND.

Results: Stage I RC patients with ≥ 12 LND experienced a significantly lower

hazard of cancer-specific death compared with those with < 12 LND in both

multivariate Cox regression model (adjusted HR [hazard ratio], 0.44, 95% CI,

0.29-0.66; P < 0.001) and the multivariate competing risk model (adjusted

subdistribution HR [SHR], 0.45, 95% CI, 0.30-0.69; P < 0.001). Further,

subgroup analyses performed by pT stage. No positive association between

≥ 12 LND and survival was found in pT1N0 RC patients (adjusted HR: 0.62, 95%

CI, 0.32-1.19; P = 0.149; adjusted SHR: 0.63, 95%CI, 0.33-1.20; P = 0.158),

whereas a positive association between ≥ 12 LND and survival was found in

pT2N0 RC patients (adjusted HR: 0.35, 95%CI, 0.21-0.58; P < 0.001; adjusted

SHR: 0.36, 95%CI, 0.21-0.62; P < 0.001).

Conclusions: The long-term survival benefit of adequate LND was not found in

pT1N0 but in pT2N0 RC patients, which suggested that pT2N0 RC patients

should be treated with adequate LND and those with inadequate LND might

need additional therapy.
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Introduction

Colorectal cancer is the third most frequently diagnosed

cancer and the second leading cause of cancer death

worldwide. Of these, an estimated 732,210 cases of rectal

cancer (RC) will occur, and an estimated 339,022 people will

die of RC in 2020 (1). Traditionally, the radical curative

treatment for RC has been proctectomy, which involved

lymph nodes (LN) dissection (LND). An assessment of a

minimum of 12 LND (≥ 12 LND) is recommended in NCCN

Guidelines Version 2.2022. The adequate LND will reduce the

risk of metastatic LN residual, and then optimize locoregional

control and tumor staging. For example, the node-negative

pT1/pT2 RC patients with few LND might not be truly node-

negative but rather understaging, the pN0 could be staged pN1,

even pN2 with more LND (2–5). Moreover, the isolated tumor

cells and micrometastasis in LN are considered the risk factors

that could increase the rate of local recurrence and decrease the

long-term survival of RC patients (6–8). Whereas local

excision, which typically did not involve LND, was

increasingly used in the treatment of stage I RC patients

which helped to preserve the anus and reduce the morbidity

and mortality resulting from radical proctectomy and further

enhance the quality of life (9). According to the American

Society of Colon and Rectal Surgeons, the criteria for local

excision included pT1 stage, well-to-moderately differentiated,

less than 3 cm diameter, less than one-third of the bowel lumen

circumference, and the absence of lymphovascular or

perineural invasion (10, 11). Local excision was increasingly

used for the treatment of pT1N0 RC patients, and previous

studies have confirmed the compare oncological long-term

survival between these patients treated with local excision

and radical proctectomy (9, 12). However, it was surprising

that local excision was also increasingly used for the treatment

of pT2N0 RC patients who did not meet the criteria of

local excision (9, 12). Thus, the survival benefit of adequate

LND should be questioned for the treatment of stage I RC

patients. In addition, stage II RC patients (i.e., pT3N0M0)

with < 12 LND are thought to place patients at higher risk,

and an additional adjuvant therapy might be taken

into consideration for these patients (13). However, the

association between adequate LND and survival in pT1/

pT2N0 RC patients remained unclear, and no additional

therapy was recommended for these patients.

Therefore, in the present study, we identified stage I RC

patients treated with radical proctectomy in the Surveillance,

Epidemiology, and End Results (SEER) database and further

evaluated the association between adequate LND (≥ 12) and

survival with inadequate LND (< 12) as a reference, separately

for pT1N0 RC patients and pT2N0 RC patients.
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Materials and methods

Study design

This was a retrospective cohort study of patients in the SEER

database from 2010 to 2017 with stage I RC treated with radical

proctectomy. Informed consent or institutional review was not

required for the analyses of patients collected because the SEER

database is publicly available.
Patients

Patients’ data were collected from the SEER database using

the National Cancer Institute’s SEER*Stat software (version

8.3.5; www.seer.cancer.gov). The detailed inclusion and

exclusion criteria for stage I RC patients are shown in

Figure 1. Patients were enrolled in 1) they were 18 years or

older, 2) the histological type included adenocarcinoma, and

mucinous adenocarcinoma, 3) they underwent radical

proctectomy, 4) they had pT1/pT2N0M0 tumor, 5) they

received no adjuvant therapy, 6) and they were actively

followed up (follow-up time ≥ 1 month; known cause of

death). Ultimately, 1,778 stage I RC patients with radical

proctectomy were identified in the present study. The median

follow-up time was 70 months, ranging between 46 and 94.
Variables and outcomes

Stage I RC Patients were classified into inadequate LND (<12)

and adequate LND (≥ 12) groups according to the number of LN

examined. The assessment of 12 LN was chosen as the landmark of

adequate LND following the NCCN guidelines (13). Patients’

demographic variables were age at diagnosis in 10-year

increments, gender, and race (White, Black, and others). Tumor

variables were pT stage (pT1 and pT2 stage), tumor grade (well/

moderately differentiated and poor/anaplastic), tumor size (≤ 3 cm,

> 3 cm, and unknown), CEA level (negative/unknown and

positive) and perineural invasion (negative/unknown and positive).
Statistical methods

Differences in patients’ demographics and tumor characteristics

between inadequate LND and adequate LND were tested using the

chi-square (c2) test or Fisher’s exact test. The cancer-specific

survival (CSS) was defined as RC’s time from diagnosis to death.

For the competing risk model, death was classified into two groups:

death related to RC and death not related to RC, which was

considered a competing risk event. Patients who were still alive
frontiersin.org
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were censored at the date of the last contact. The CSS probabilities

were calculated using the Kaplan-Meier method, and CSS

probabilities differences between the groups were tested by the

log-rank test. The multivariate Cox proportional hazards regression

was performed to calculate the adjusted hazard ratio (HR) with 95%

CI and evaluate the independent predictors of CSS. Taking into

consideration the death not related to the RC, the competing risk

model was performed to calculate the cumulative incidence of

cancer-specific death (CSD) and the competing risk events, and the

cumulative incidence differences between the groups were tested by

the Gray’s test. The multivariate Fine and Gray’s competing risk

regression model was performed to calculate the adjusted

subdistribution HR (SHR) and 95% CI and evaluate the

independent predictors of CSD (14). All statistical analyses were

carried out using R statistical software (version 4.0.2, www.r-project.

org). Two-sided P <.05 were considered statistically significant.

Results

Patients’ demographics and
tumor characteristics

As shown in Figure 1, 1,778 stage I RC patients with radical

proctectomy were identified in the present study. Of these, 425

patients with < 12 LND, and 1,353 patients with ≥ 12 LND.
Frontiers in Oncology 03
Table 1 shows the differences in clinical characteristics between

stage I RC patients with < 12 and ≥ 12 LND. Results showed that

stage I RC patients with < 12 LND were diagnosed at an older

age, with an earlier pT stage and a smaller size tumor compared

with those with ≥ 12 LND. The differences in clinicopathological

characteristics between patients with < 12 and ≥ 12 LND,

separately for pT1N0 and pT2N0 RC patients, were

summarized in Supplemental Table 1, 2. Similar results were

found that pT1N0 or pT2N0 RC patients with < 12 LND were

diagnosed at an older age and with a smaller size tumor

compared with those with ≥ 12 LND.
The association between lymph nodes
dissection and prognosis

Kaplan-Meier survival curves are shown in Figure 2A. The

5-year CSS rate was 93.0% (95% CI, 90.4%–95.7%) for stage I RC

patients with < 12 LND, and 95.7% (95% CI, 94.5%–96.9%) for

stage I RC patients with ≥ 12 LND. The log-rank test showed

that stage I RC patients with ≥ 12 LND had significantly better

CSS rates compared with those with < 12 LND (P < 0.001,

Figure 2A). To adjust for potential confounding factors, a

multivariate Cox regression model was performed. stage I RC

patients with ≥ 12 LND experienced a significantly lower hazard
FIGURE 1

The flowchart of stage I rectal cancer patients included the process.
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of CSD compared with those with < 12 LND (adjusted HR, 0.44,

95% CI, 0.29–0.66; P < 0.001, Table 2).

Taking into consideration death not related to RC, the

competing risk model was performed. The 5-year cumulative

incidence of CSD rate was 6.6% (95% CI, 4.1%-9.1%) for stage I

RC patients with < 12 LND, and 4.2% (95% CI, 3.0%-5.3%) for

stage I RC patients with ≥ 12 LND. The Gray’s test showed that

stage I RC patients with ≥ 12 LND had significantly lower CSD

rates compared with those with < 12 LND (P < 0.001, Figure 2B).

Also, a multivariate Fine and Gray’s competing risk regression

model was performed to adjust for potential confounding

factors. Stage I RC patients with ≥ 12 LND experienced a

significantly lower hazard of CSD compared with those with <

12 LND (adjusted SHR, 0.45, 95% CI, 0.30-0.69; P <

0.001, Table 2).

Subgroup analyses were performed by pT stage. For pT1N0

RC patients, no positive association between ≥ 12 LND and CSS

was found in the log-rank test (Five-year CSS: 97.1% vs. 96.4%,
Frontiers in Oncology 04
P = 0.128, Figure 3A) and the multivariate Cox regression model

(adjusted HR: 0.62, 95%CI, 0.32-1.19; P = 0.149, Supplemental

Table 3). Taking into consideration death not related to RC, no

positive association between ≥ 12 LND and CSD was found in

the Gray’s test (Five-year CSD: 2.8% vs. 3.4%, P = 0.144,

Figure 3B) and the multivariate Fine and Gray’s competing

risk regression model (adjusted SHR: 0.63, 95%CI, 0.33-1.20; P =

0.158, Supplemental Table 3). Conversely, a statistically

significant survival benefit of ≥ 12 LND was found in pT2N0

RC patients in the log-rank test (Five-year CSS: 94.3% vs. 86.3%;

P < 0.001, Figure 4A) and the multivariate Cox regression model

(adjusted HR: 0.35, 95%CI, 0.21-0.58; P < 0.001, Supplemental

Table 4). Also, taking into consideration death not related to RC,

the statistically significant survival benefit of ≥ 12 LND did not

change in pT2N0 RC patients in the univariate (Five-year CSD:

5.4% vs. 12.7%; P < 0.001, Figure 4B) and the multivariate

competing risk model (adjusted SHR: 0.36, 95%CI, 0.21-0.62;

P < 0.001, Supplemental Table 4).
TABLE 1 Clinicopathological differences between stage I rectal adenocarcinoma patients with < 12 and ≥ 12 lymph nodes dissection.

Characteristic TotalN = 1,778 < 12 lymph nodesN = 425 ≥ 12 lymph nodesN = 1,353 P-value

Age of diagnosis (years) 0.006

< 50y 196 (6.0) 32 (7.5) 164 (12.1)

< 60y 577 (32.5) 125 (29.4) 452 (33.4)

< 70y 505 (28.4) 131 (30.8) 374 (27.6)

≥ 70y 500 (28.1) 137 (32.2) 363 (26.8)

Gender 0.065

Female 778 (43.8) 169 (39.8) 609 (45.0)

Male 1,000 (56.2) 256 (60.2) 744 (55.0)

Race 0.425

White 1,538 (86.5) 375 (88.2) 1,163 (86.0)

Black 60 (3.4) 14 (3.3) 46 (3.4)

Others 180 (10.1) 36 (8.5) 144 (10.6)

pT stage < 0.001

pT1 941 (52.9) 281 (66.1) 660 (48.8)

pT2 837 (47.1) 144 (33.9) 693 (51.2)

Tumor grade 0.292

Well/Moderately 1,544 (86.8) 373 (87.8) 1,171 (86.5)

Poor/Anaplastic 142 (8.0) 27 (6.4) 115 (8.5)

Unknown 92 (5.2) 25 (5.9) 67 (5.0)

Tumor size < 0.001

≤ 3cm 1,007 (56.6) 255 (60.0) 752 (55.6)

> 3 cm 542 (30.5) 87 (20.5) 455 (33.6)

Unknown 229 (12.9) 83 (19.5) 146 (10.8)

CEA level 0.804

Negative/Unknown 1,620 (91.1) 389 (91.5) 1,231 (91.0)

Positive 158 (8.9) 36 (8.5) 122 (9.0)

Perineural invasion 0.663

Negative/Unknown 1,742 (98.0) 418 (98.4) 1,324 (97.9)

Positive 36 (2.0) 7 (1.6) 29 (2.1)
front
Values are n (%) unless otherwise defined.
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Additionally, we conducted sensitivity analyses to assess the

robustness of our results by excluding patients whose follow-up

time was ≤ 3 months to account for bias due to surgery-

associated death (15). The ≤ 3 months mortality for stage I RC

patients with < 12 LND was 1.38% (6/436), which was

insignificantly lower compared with 2.11% (28/1329) for stage

I RC patients with ≥ 12 LND (P = 0.456). Landmark survival

analyses were performed, and the statistically significant survival

benefit of ≥ 12 LND were found in the stage I RC patients in the

log-rank test (Five-year CSS: 96.3% vs. 93.2%, P < 0.001,

Supplemental Figure 1A) and the multivariate Cox regression

model (adjusted HR, 0.39; 95% CI, 0.25-0.59; P < 0.001,

Supplemental Table 5) with exposure starting at > 3 months.

Taking into consideration death not related to RC, the

statistically significant survival benefit of ≥ 12 LND was no

change in the stage I RC patients in the Gray’s test (Five-year

CSD: 3.5% vs. 6.4%, P < 0.001, Supplemental Figure 1B) and the

multivariate Fine and Gray’s competing risk regression model

(adjusted SHR, 0.39; 95% CI, 0.25-0.61; P < 0.001, Supplemental

Table 5). We also performed the same sensitivity analyses for

stage I RC patients by pT stage. No positive association

between ≥ 12 LND and survival was found in pT1N0 RC

patients (Supplemental Figures 2A, B; Supplemental Table 5),

whereas a positive association between ≥ 12 LND and survival

was found in pT2N0 RC patients (Supplemental Figures 3A, B;

Supplemental Table 5).
Discussion

Traditionally, proctectomy along with adequate LND is the

standard of surgical treatment for the vast majority of RC
Frontiers in Oncology 05
patients. The adequate LND will reduce the risk of metastatic

LN residual and then optimize locoregional control and tumor

staging. However, for pT1/pT2N0 RC patients, the association

between adequate LND and survival remained unclear, and

additional therapy was not recommended for these patients

with < 12 LND. Thus, we need to evaluate the association

between adequate LND and survival in pT1/pT2N0 RC patients.

In the present study, the long-term survival benefit of

adequate LND was found in stage I RC patients. Further,

subgroup analyses by pT stage suggested that the long-term

survival benefit of adequate LND was not in pT1N0 RC patients

but in pT2N0 RC patients. The main interpretation for that was

the different risk of occult LN metastasis residual between

pT1N0 and pT2N0 RC patients (2, 5). A previous study

suggested that the incidence of radiographically occult LN

metastasis ranges from 6% for low-risk T1 tumors to as high

as 65% for poorly differentiated T2 tumors with lymphovascular

invasion (LVI) (5). The survival benefit of adequate LND is

correlated with the risk of occult LN metastasis residual. The

occult LN metastasis residual will increase the risk of

locoregional recurrence, which cannot all be amenable to

salvage surgical therapy or multimodality therapy (16–18).

Previous retrospective studies using the SEER database showed

that the survival benefit of radical proctectomy (involved LND)

was not found in pT1N0 RC patients but in pT2N0 RC patients

referenced to local excision (not involved LND) (9, 12, 19). And

the proctectomy can provide better regional control than local

excision (LE) for early RC patients, especially for T2 patients (10,

13). Similarly, pT2N0 but not pT1N0 RC patients, will benefit

from adequate LND in the present study, which also lent support

to the local excision for the treatment of pT1N0 but not for

pT2N0 RC patients. Thus, cautions were needed in expanding
BA

FIGURE 2

Comparison of cancer-specific survival (A) and cumulative probability of cancer-specific death (B) in stage I rectal cancer patients between < 12
and ≥ 12 lymph nodes dissection.
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practice of LE in T2 patients, and adjuvant therapy might be

needed for T2 patients treated with LE or proctectomy with

inadequate LND. For cT1N0 patients, additional therapy might

be needed for those were upstaged to pT2N0 after surgery and

with inadequate LND. For cT2N0 patients, adequate LND would

be needed.

However, local excision was increasingly used in the

treatment of T2N0 RC patients (9, 12). The addition of

chemoradiotherapy has been proposed to improve oncologic

control (20–25). Previous studies have suggested that T2N0 RC

had an equivalent survival between local excision plus adjuvant

therapy and radical proctectomy (20–25). A recent study

reported that cT2N0 RC treated with neoadjuvant
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chemoradiotherapy followed by local excision had a

comparable survival to those treated with radical proctectomy

(22). In the present study, pT2N0 RC patients with adequate

LND had statistically significant higher CSS rates and lower CSD

rates than those with < 12 LND, which suggested that these

patients with < 12 LND were at higher risk, and an additional

adjuvant therapy might be needed for these patients to improve

oncologic control. However, the actual survival benefit of

additional chemoradiotherapy remained unclear for pT2N0

RC patients with < 12 LND in the present study of the limited

data. A previous study have indicated a small but statistically

significant survival benefit of adjuvant therapy for stage II RC

patients, and the benefit of adjuvant therapy is more significant
TABLE 2 The predictors of survival for pT1/pT2N0 rectal cancer patients in both multivariate Cox regression model and the multivariate
competing risk model.

Cox regression model Competing risk model

Characteristic adjusted HR (95% CI) P-value adjusted SHR (95% CI) P-value

Age of diagnosis

< 50y Reference Reference

< 60y 0.83 (0.34, 2.01) 0.671 0.82 (0.33, 2.04) 0.673

< 70y 1.62 (0.70, 3.74) 0.259 1.61 (0.68, 3.84) 0.280

≥ 70y 2.64 (1.18, 5.88) 0.018 2.40 (1.06, 5.44) 0.036

Gender

Female Reference Reference

Male 0.99 (0.66, 1.47) 0.944 0.97 (0.64, 1.46) 0.885

Race

White Reference Reference

Black 2.25 (0.90, 5.64) 0.082 2.31 (0.95, 5.63) 0.066

Others 0.84 (0.41, 1.74) 0.643 0.87 (0.42, 1.78) 0.698

pT stage

pT1 Reference Reference

pT2 1.85 (1.18, 2.91) 0.007 1.83 (1.15, 2.92) 0.011

Tumor grade

Well/Moderately Reference Reference

Poor/Anaplastic 1.37 (0.73, 2.57) 0.325 1.37 (0.72, 2.61) 0.330

Unknown 0.24 (0.03, 1.79) 0.166 0.24 (0.03, 1.88) 0.175

Tumor size

≤ 3cm Reference Reference

> 3 cm 0.89 (0.57, 1.39) 0.609 0.88 (0.56, 1.39) 0.586

Unknown 0.64 (0.28, 1.42) 0.271 0.63 (0.27, 1.44) 0.270

CEA level

Negative/Unknown Reference Reference

Positive 1.90 (1.13, 3.17) 0.015 1.85 (1.10, 3.11) 0.020

Perineural invasion

Negative/Unknown Reference Reference

Positive 0.49 (0.07, 3.58) 0.485 0.48 (0.07, 3.27) 0.456

Lymph node dissection

< 12 Reference Reference

≥ 12 0.44 (0.29, 0.66) < 0.001 0.45 (0.30, 0.69) < 0.001
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in patients at high-risk, such as in patients with < 12 LND (26,

27). It is reasonable to infer that pT2N0 RC patients with < 12

LND can obtain better local control but a smaller survival benefit

after adjuvant therapy referenced to stage II RC patients. Thus,

decision-making regarding the use of adjuvant therapy for

pT2N0 RC patients with < 12 LND should incorporate patient

discussions individualized for the patient and should include the

risk of occult nodal metastasis residual and the possible limited

benefit and toxicities associated with additional therapy.

The present study with some limitations that should be

noticed. Firstly, LVI and tumor budding, which are identified
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high-risk factors for LN metastasis, were not assessed in the

SEER database (10, 11). RC patients with LVI and tumor

budding received an inadequately sampled nodes were at

higher risk of occult LN metastasis residual, which was

associated with worse oncological survival. However, these

patients will have a more aggressive LND, and most patients

will be excluded in the present study for the positive LN.

Previous study suggested that lymph-node distribution rather

than number of LN metastasis is a valuable predictor of T1-2

colorectal cancer survival (28). However, the extent of LND was

lacked in the SEER database. It was worth further study the
BA

FIGURE 3

Comparison of cancer-specific survival (A) and cumulative probability of cancer-specific death (B) in pT1N0 rectal cancer patients between < 12
and ≥ 12 lymph nodes dissection.
BA

FIGURE 4

Comparison of cancer-specific survival (A) and cumulative probability of cancer-specific death (B) in pT2N0 rectal cancer patients between < 12
and ≥ 12 lymph nodes dissection.
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prognosis value of the extent of LND, not only the number of

LND, in pT1-2N0 RC patients. Secondly, resection margin status

which is associated with local recurrence of cancer was also

lacking in the database. However, most stage I RC patients with

positive resection margin status would choose additional

adjuvant therapy if they refused extended surgery, these

patients were excluded in the present study. Thirdly, The

SEER database also lacked data on the recurrence of cancer

and salvage therapy procedures. However, it provides the cause

of death to calculate CSS, which is correlated chronologically

with cancer recurrence and salvage therapy procedures. Lastly,

the nature of the retrospective study. Patient groups were

nonrandomized, leading to a selection bias. The imbalance of

patients’ demographics and tumor characteristics was found

between stage I RC patients with inadequate and adequate

LND. Also, significantly different cumulative incidences of

competing events were found between stage I RC patients with

inadequate and adequate LND in the present study. The

inherent selection bias could only be minimally controlled

using the multivariable model.
Conclusions

Despite the limitations and inherent selection bias of

retrospective study, this study demonstrated the long-term

survival benefit of adequate LND in stage I RC patients.

Further subgroup analyses found that the long-term survival

benefit of adequate LND was not in pT1N0 but in pT2N0 RC

patients. Decision-making regarding the use of adjuvant therapy

for pT2N0 RC patients with inadequate LND should balance the

possible limited survival benefit against toxicities associated with

additional therapy.
Data availability statement

Publicly available datasets were analyzed in this study. This

data can be found here: https://seer.cancer.gov/.
Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation
Frontiers in Oncology 08
and institutional requirements. Written informed consent for

participation was not required for this study in accordance with

the national legislation and the institutional requirements.
Author contributions

LP-L, WD-D, PC-J, and ZL-Z participated in the design of

this project, interpretation of data, drafting, and critical revision

of the article, and provided final approval of the version to be

submitted. LP-L and ZL-Z completed the data collection and

analyses. All authors contributed to the article and approved the

submitted version.
Funding

This work was supported in part by Special funding

sponsorship of Shandong Province Traditional Chinese

Medicine High-level Talent Cultivation Project and Qilu

Health Leading Talents Training Project Special Fund.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.985324/full#supplementary-material
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: Globocan estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: Cancer J Clin (2021) 71:209–49.
doi: 10.3322/caac.21660
2. Chang HC, Huang SC, Chen JS, Tang R, Changchien CR, Chiang JM, et al.
Risk factors for lymph node metastasis in pt1 and pt2 rectal cancer: A single-
institute experience in 943 patients and literature review. Ann Surg Oncol (2012)
19:2477–84. doi: 10.1245/s10434-012-2303-9
frontiersin.org

https://seer.cancer.gov/
https://www.frontiersin.org/articles/10.3389/fonc.2022.985324/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.985324/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1245/s10434-012-2303-9
https://doi.org/10.3389/fonc.2022.985324
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2022.985324
3. Mou S, Soetikno R, Shimoda T, Rouse R, Kaltenbach T. Pathologic predictive
factors for lymph node metastasis in submucosal invasive (t1) colorectal cancer: A
systematic review and meta-analysis. Surg endoscopy. (2013) 27:2692–703. doi:
10.1007/s00464-013-2835-5

4. Tominaga K, Nakanishi Y, Nimura S, Yoshimura K, Sakai Y, Shimoda T.
Predictive histopathologic factors for lymph node metastasis in patients with
nonpedunculated submucosal invasive colorectal carcinoma. Dis colon rectum.
(2005) 48:92–100. doi: 10.1007/s10350-004-0751-4

5. Saraste D, Gunnarsson U, Janson M. Predicting lymph node metastases in
early rectal cancer. Eur J Cancer (Oxford Engl 1990). (2013) 49:1104–8. doi:
10.1016/j.ejca.2012.10.005

6. Mescoli C, Albertoni L, Pucciarelli S, Giacomelli L, Russo VM, Fassan M,
et al. Isolated tumor cells in regional lymph nodes as relapse predictors in stage i
and ii colorectal cancer. J Clin Oncol Off J Am Soc Clin Oncol (2012) 30:965–71. doi:
10.1200/JCO.2011.35.9539

7. Rahbari NN, Bork U, Motschall E, Thorlund K, Büchler MW, Koch M, et al.
Molecular detection of tumor cells in regional lymph nodes is associated with
disease recurrence and poor survival in node-negative colorectal cancer: A
systematic review and meta-analysis. J Clin Oncol Off J Am Soc Clin Oncol
(2012) 30:60–70. doi: 10.1200/JCO.2011.36.9504

8. Sloothaak DA, Sahami S, van der Zaag-Loonen HJ, van der Zaag ES, Tanis PJ,
BemelmanWA, et al. The prognostic value of micrometastases and isolated tumour
cells in histologically negative lymph nodes of patients with colorectal cancer: A
systematic review and meta-analysis. Eur J Surg Oncol J Eur Soc Surg Oncol Br Assoc
Surg Oncol (2014) 40:263–9. doi: 10.1016/j.ejso.2013.12.002

9. You YN, Baxter NN, Stewart A, Nelson H. Is the increasing rate of local
excision for stage i rectal cancer in the united states justified?: a nationwide cohort
study from the national cancer database. Ann surgery. (2007) 245:726–33. doi:
10.1097/01.sla.0000252590.95116.4f

10. Monson JR, Weiser MR, Buie WD, Chang GJ, Rafferty JF, Buie WD, et al.
Practice parameters for the management of rectal cancer (revised). Dis colon
rectum. (2013) 56:535–50. doi: 10.1097/DCR.0b013e31828cb66c

11. Tjandra JJ, Kilkenny JW, Buie WD, Hyman N, Simmang C, Anthony T,
et al. Practice parameters for the management of rectal cancer (revised). Dis colon
rectum. (2005) 48:411–23. doi: 10.1007/s10350-004-0937-9

12. Stitzenberg KB, Sanoff HK, Penn DC, Meyers MO, Tepper JE. Practice
patterns and long-term survival for early-stage rectal cancer. J Clin Oncol Off J Am
Soc Clin Oncol (2013) 31:4276–82. doi: 10.1200/JCO.2013.49.1860

13. Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen YJ, Ciombor
KK, et al. Nccn guidelines insights: Rectal cancer, version 6. 2020. J Natl Compr
Cancer Network JNCCN (2020) 18:806–15. doi: 10.6004/jnccn.2020.0032

14. Austin PC, Fine JP. Practical recommendations for reporting fine-gray
model analyses for competing risk data. Stat Med (2017) 36:4391–400. doi:
10.1002/sim.7501

15. Joung RH, Merkow RP. Is it time to abandon 30-day mortality as a quality
measure? Ann Surg Oncol (2021) 28:1263–4. doi: 10.1245/s10434-020-09262-3

16. Bach SP, Hill J, Monson JR, Simson JN, Lane L, Merrie A, et al. A predictive
model for local recurrence after transanal endoscopic microsurgery for rectal
cancer. Br J surgery. (2009) 96:280–90. doi: 10.1002/bjs.6456
Frontiers in Oncology 09
17. You YN, Roses RE, Chang GJ, Rodriguez-Bigas MA, Feig BW, Slack R, et al.
Multimodality salvage of recurrent disease after local excision for rectal cancer. Dis
colon rectum. (2012) 55:1213–9. doi: 10.1097/DCR.0b013e318270837f

18. Stipa F, Giaccaglia V, Burza A. Management and outcome of local
recurrence following transanal endoscopic microsurgery for rectal cancer. Dis
colon rectum. (2012) 55:262–9. doi: 10.1097/DCR.0b013e318241ef22

19. Bhangu A, Brown G, Nicholls RJ, Wong J, Darzi A, Tekkis P. Survival
outcome of local excision versus radical resection of colon or rectal carcinoma: A
surveillance, epidemiology, and end results (seer) population-based study. Ann
surgery . (2013) 258 :563–569; d iscuss ion 569-571 . doi : 10 .1097/
SLA.0b013e3182a4e85a

20. Garcia-Aguilar J, Shi Q, Thomas CRJr., Chan E, Cataldo P, Marcet J, et al. A
phase ii trial of neoadjuvant chemoradiation and local excision for t2n0 rectal
cancer: Preliminary results of the acosog z6041 trial. Ann Surg Oncol (2012)
19:384–91. doi: 10.1245/s10434-011-1933-7

21. Lezoche E, Baldarelli M, Lezoche G, Paganini AM, Gesuita R, Guerrieri M.
Randomized clinical trial of endoluminal locoregional resection versus
laparoscopic total mesorectal excision for t2 rectal cancer after neoadjuvant
therapy. Br J surgery. (2012) 99:1211–8. doi: 10.1002/bjs.8821

22. Lynn PB, van der Valk M, Claassen YHM, Shi Q, Widmar M, Bastiaannet E,
et al. Chemoradiation and local excision versus total mesorectal excision for t2n0
rectal cancer: Comparison of short- and long-term outcomes from two prospective
studies. Ann Surg (2021). doi: 10.1097/SLA.0000000000005052

23. Jawitz OK, Adam MA, Turner MC, Gilmore BF, Migaly J. Neoadjuvant
chemoradiation followed by transanal local excision for t2 rectal cancer confers
equivalent survival benefit as traditional transabdominal resection. Surgery. (2019)
165:1193–8. doi: 10.1016/j.surg.2019.02.005

24. Stijns RCH, de Graaf EJR, Punt CJA, Nagtegaal ID, Nuyttens J, van Meerten
E, et al. Long-term oncological and functional outcomes of chemoradiotherapy
followed by organ-sparing transanal endoscopic microsurgery for distal rectal
cancer: The carts study. JAMA surgery. (2019) 154:47–54. doi: 10.1001/
jamasurg.2018.3752

25. Lee L, Kelly J, Nassif GJ, Atallah SB, Albert MR, Shridhar R, et al.
Chemoradiation and local excision for t2n0 rectal cancer offers equivalent
overall survival compared to standard resection: A national cancer database
analysis. J gastrointestinal Surg Off J Soc Surg Alimentary Tract. (2017) 21:1666–
74. doi: 10.1007/s11605-017-3536-5

26. Gray R, Barnwell J, McConkey C, Hills RK, Williams NS, Kerr DJ. Adjuvant
chemotherapy versus observation in patients with colorectal cancer: A randomised
study. Lancet (London England). (2007) 370:2020–9. doi: 10.1016/S0140-6736(07)
61866-2

27. Hutchins G, Southward K, Handley K, Magill L, Beaumont C, Stahlschmidt
J, et al. Value of mismatch repair, kras, and braf mutations in predicting recurrence
and benefits from chemotherapy in colorectal cancer. J Clin Oncol Off J Am Soc Clin
Oncol (2011) 29:1261–70. doi: 10.1200/JCO.2010.30.1366

28. Huang X, Liu H, Liao X, Xiao Z, Huang Z, Li G. Prognostic factors for t1-2
colorectal cancer after radical resection: Lymph node distribution is a valuable
predictor of its survival. Asian J surgery. (2021) 44:241–6. doi: 10.1016/
j.asjsur.2020.06.013
frontiersin.org

https://doi.org/10.1007/s00464-013-2835-5
https://doi.org/10.1007/s10350-004-0751-4
https://doi.org/10.1016/j.ejca.2012.10.005
https://doi.org/10.1200/JCO.2011.35.9539
https://doi.org/10.1200/JCO.2011.36.9504
https://doi.org/10.1016/j.ejso.2013.12.002
https://doi.org/10.1097/01.sla.0000252590.95116.4f
https://doi.org/10.1097/DCR.0b013e31828cb66c
https://doi.org/10.1007/s10350-004-0937-9
https://doi.org/10.1200/JCO.2013.49.1860
https://doi.org/10.6004/jnccn.2020.0032
https://doi.org/10.1002/sim.7501
https://doi.org/10.1245/s10434-020-09262-3
https://doi.org/10.1002/bjs.6456
https://doi.org/10.1097/DCR.0b013e318270837f
https://doi.org/10.1097/DCR.0b013e318241ef22
https://doi.org/10.1097/SLA.0b013e3182a4e85a
https://doi.org/10.1097/SLA.0b013e3182a4e85a
https://doi.org/10.1245/s10434-011-1933-7
https://doi.org/10.1002/bjs.8821
https://doi.org/10.1097/SLA.0000000000005052
https://doi.org/10.1016/j.surg.2019.02.005
https://doi.org/10.1001/jamasurg.2018.3752
https://doi.org/10.1001/jamasurg.2018.3752
https://doi.org/10.1007/s11605-017-3536-5
https://doi.org/10.1016/S0140-6736(07)61866-2
https://doi.org/10.1016/S0140-6736(07)61866-2
https://doi.org/10.1200/JCO.2010.30.1366
https://doi.org/10.1016/j.asjsur.2020.06.013
https://doi.org/10.1016/j.asjsur.2020.06.013
https://doi.org/10.3389/fonc.2022.985324
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Impact of adequate lymph nodes dissection on survival in patients with stage I rectal cancer
	Introduction
	Materials and methods
	Study design
	Patients
	Variables and outcomes
	Statistical methods

	Results
	Patients’ demographics and tumor characteristics
	The association between lymph nodes dissection and prognosis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	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 /LeaveColorUnchanged
  /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


