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Abstract 

Objectives: We investigated the impact of high-risk factors in stage II (TNM stage) rectal cancer patients to 
determine whether they benefit from adjuvant chemotherapy after surgery. Additionally, we explored the 
interaction between high-risk factors and adjuvant chemotherapy. Our study provides refined guidance for 
postoperative treatment in patients with stage II rectal cancer. 
Methods: The retrospective study included 570 stage II rectal adenocarcinoma patients who underwent total 
mesorectal excision surgery at Tianjin Union Medical Center from August 2012 to July 2019. We employed 
Cox regression models to assess the collected pathological and clinical factors, identifying the risk factors for 
overall survival (OS) and disease-free survival (DFS). Additionally, we thoroughly examined the interaction 
between various high-risk pathological factors and postoperative chemotherapy (ACT), including multiplicative 
interaction (INTM) and additive interaction (RERI). 
Results: Among the 570 stage II rectal cancer patients in this study, the average age was 62 years, with 58.9% 
(N=336) of the population being older than 60. Males accounted for the majority at 64.9% (N=370). Age was 
found to have an impact on whether patients received adjuvant chemotherapy after surgery 
(P<=0.001).Furthermore, age (HR: 1.916, 95% CI: 1.158-3.173, P=0.011; HR: 1.881, 95% CI: 1.111-3.186, 
P=0.019), TNM stage (HR: 2.216, 95% CI: 1.003-4.897, P=0.029; HR: 2.276, 95% CI: 1.026-5.048, P=0.043), the 
number of lymph nodes cleared during surgery (HR: 1.968, 95% CI: 1.112-3.483, P=0.017; HR: 1.864, 95% CI: 
0.995-3.493, P=0.045), and lymphovascular invasion (HR: 2.864, 95% CI: 1.567-5.232, P=0.001; HR: 3.161, 95% 
CI: 1.723-5.799, P<0.001) were identified as independent risk factors for patients' overall survival (OS) and 
disease-free survival (DFS). Moreover, the interaction analysis, both multiplicative and additive, revealed 
significant interactions between the number of lymph nodes cleared during surgery and the administration of 
adjuvant chemotherapy. For OS (HR for multiplicative interaction: 0.477, p=0.045; RERI: -0.531, 95% CI: -1.061, 
-0.002) and for DFS (HR for multiplicative interaction: 0.338, p=0.039; RERI: -1.097, 95% CI: -2.190, -0.005). 
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Conclusions: This study provides insights into the complex relationship between adjuvant chemotherapy 
(ACT) and survival outcomes in stage II rectal cancer patients with high-risk pathological factors. The findings 
suggest that the number of cleared lymph nodes plays a significant role in the efficacy of ACT and underscores 
the need for individualized treatment decisions in this patient population. 

Keywords: Rectal cancer, high-risk factors, interactions, adjuvant chemotherapy 

Introduction 
Rectal cancer is a disease that poses a serious 

threat to human health and quality of life, with its 
incidence showing a continuous upward trend [1, 2]. 
Among diagnosed rectal cancer patients, approxi-
mately 70% of them are at stage II and III [3]. For 
resectable rectal cancer, radical resection surgery is 
the preferred treatment option, and surgery has a 
clear survival benefit for rectal cancer patients [4]. 
However, existing research and literature on whether 
adjuvant chemotherapy and radiotherapy after 
surgery can benefit stage II and III rectal cancer 
patients have significant uncertainty [5, 6]. Although 
there is clear evidence that postoperative chemo-
therapy benefits survival in stage II colon cancer 
patients [7, 8], rectal cancer and colon cancer differ 
clinically and in their biological behavior [9]. In the 
NCCN guidelines, for stage II rectal cancer patients 
with high-risk factors, adjuvant chemotherapy is 
recommended after surgery [10], however, existing 
research lacks strong evidence to suggest a 
corresponding selection between high-risk patholo-
gical factors and postoperative chemotherapy in 
patients with stage II rectal cancer. Therefore, while 
guidelines recommend chemotherapy for patients 
with high-risk factors, observational therapy remains 
a viable option to consider. 

Several studies on the benefits of adjuvant 
chemotherapy in rectal cancer patients have shown 
contradictory conclusions, and there is limited 
research on various subgroups based on high-risk 
factors in rectal cancer patients. Furthermore, there 
has been a lack of analysis regarding the interaction 
between various subgroups and adjuvant 
chemotherapy. Our study provides valuable insights 
in this direction and offers an explanation for these 
discrepancies in previous research. 

Materials and Methods 
Study design dan data collection methods 

This retrospective single-center study focused on 
patients diagnosed with stage II (AJCC TNM stage) 
rectal adenocarcinoma (10 cm above the anal verge) 
between August 2012 and July 2019, who underwent 
total mesorectal excision surgery (TME) at Tianjin 
Union Medical Center. The inclusion criteria for 
patient data were as follows: (1) The inclusion criteria 

encompassed individuals with stage II rectal 
adenocarcinoma (age ≥ 18 years, ≤ 80 years); (2) 
Preoperative chest, abdominal, and pelvic CT or MRI 
scans; (3) Confirmation of no tumor residue by CT or 
MRI at the first follow-up visit; (4) Absence of 
abnormal bleeding tendencies; (5) Patients who did 
not receive preoperative neoadjuvant therapy or 
palliative surgical resection; (7) No severe acute or 
chronic illnesses in the three months preceding the 
study, including myocardial infarction, stroke, 
congestive heart failure, gastrointestinal bleeding 
within one year prior to the study, diabetes, and 
uncontrolled infections within the three months 
preceding the study. High-risk stage II rectal cancer 
patients were subjected to six months of adjuvant 
chemotherapy, involving regimens such as FOLFOX, 
FOLFIRI, and CAPEOX. 

Data information 
The following variables were extracted from 

patients' medical records: gender, age, and the 
administration of adjuvant chemotherapy (ACT). This 
study incorporated various pathological character-
istics, including TNM stage, lymphovascular invasion 
(LVI), perineural invasion (PNI), microsatellite 
instability (MMR) status, and the quantity of lymph 
nodes cleared during surgical procedures. 
Specifically, perineural invasion was defined as the 
encirclement of at least one-third of the nerve 
circumference by cancer cells, which could infiltrate 
any of the three nerve layers: the outer nerve layer, 
perineurium, and endoneurium. All pathological 
parameters were sourced from pathology reports 
stored in the hospital information system and 
meticulously reviewed by senior pathologists. The 
primary outcome measure focused on the overall 
survival (OS) of rectal cancer patients, with the 
secondary endpoint concentrating on disease-free 
survival (DFS). Both survival measures were 
calculated in months. 

Data analysis methods 
For normally distributed data, continuous 

variables were expressed using the mean and 
subjected to analysis using a t-test. Categorical 
variables were presented as numerical values (in 
percentages) and analyzed through either the 
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chi-squared test or Fisher's exact test. 
In subgroup analyses, we employed a Cox 

proportional hazards model to estimate hazard ratios 
(HRs) along with their corresponding 95% confidence 
intervals (CIs). This allowed us to evaluate the 
association between the administration of adjuvant 
chemotherapy (ACT) and both disease-free survival 
(DFS) and overall survival (OS). To explore 
interactions between various variables and ACT, we 
employed the R programming language. Multipli-
cative interactions were quantified by examining the 
HR and p-value of the interaction term. Additionally, 
we assessed additive interactions using the relative 
excess risk due to interaction (RERI). When the HR for 
multiplicative interaction was less than 1.0 or the 
additive interaction parameter was less than 0, it 
indicated that individuals with specific pathological 
features derived greater benefits from ACT compared 
to those without these features. 

 

Table 1. Baseline Characteristics 

Clinical pathological features Overall (N=570) Percentage (%) 
Age 62.0 [24.0, 87.0]  
<=60 234  41.1% 
>60 336  58.9% 
Sex 

 
 

Female 200  35.1% 
Male 370  64.9% 
TNM stage 

 
 

IIA 526  92.3% 
IIB 44 7.7% 
Lymph node harvest 

 
 

<12 53  9.3% 
>=12 517  90.7% 
ACT 

 
 

No 218  38.2% 
Yes 352  61.8% 
VNI 

 
 

No 523  91.8% 
Yes 47  8.2% 
PNI 

 
 

No 531  93.2% 
Yes 39  6.8% 
MMR 

 
 

dMMR 157  27.5% 
pMMR 413  72.5% 

ACT: Adjuvant Chemotherapy; LVI: Lymphovascular Invasion; PNI: Perineural 
Invasion; MMR: Microsatellite Instability; dMMR: Mismatch Repair Deficiency; 
pMMR: Protein Mismatch Repair Deficiency 

 

Results 
Baseline Characteristics 

In this study, 570 patients diagnosed with stage 
II rectal cancer were included. The process is shown in 
Figure 1. The average age of the participants was 62 
years, with 370 (64.9%) being male and 200 (35.1%) 
female. The majority of patients were at IIA stage (526 
individuals), while 53 patients had fewer than 12 
lymph nodes removed during surgery. Among the 
participants, 352 received postoperative adjuvant 

chemotherapy, while 218 did not. Additionally, 47 
patients exhibited vascular invasion, and 39 had 
neural infiltration. The results are presented in Table 
1. 

 

 
Figure 1. Patient Inclusion and Exclusion Flowchart. 

 

Comparative Analysis of Clinical and 
Pathological Characteristics: ACT vs No ACT 

In patients receiving ACT, there is a statistically 
significant difference in age, with a higher proportion 
of individuals under the age of 60 (31.7% vs. 46.9%, P 
< 0.001). However, there were no statistically 
significant differences between patients receiving 
ACT and those not receiving ACT in terms of gender, 
tumor TNM stage, number of lymph nodes cleared 
during surgery, neural infiltration, vascular invasion, 
and microsatellite status. The results are presented in 
Table 2. 

 

Table 2. Stratification of Clinical and Pathological Factors for 
Adjuvant Chemotherapy 

Name Levels Non-ACT(N=218) ACT (N=352) p 
Age      

<=60 69 (31.7%) 165 (46.9%) <.001  
>60 149 (68.3%) 187 (53.1%) 

 

Sex      
Female 83 (38.1%) 117 (33.2%) 0.278  
Male 135 (61.9%) 235 (66.8%) 

 

TNM 
stage 

    
 

IIA 205 (94%) 321 (91.2%) 0.283  
IIB 13 (6%) 31 (8.8%) 

 

Lymph node harvest     
<12 23 (10.6%) 30 (8.5%) 0.508  
>=12 195 (89.4%) 322 (91.5%) 

 

VNI      
No 197 (90.4%) 326 (92.6%) 0.429  
Yes 21 (9.6%) 26 (7.4%) 

 

PNI      
No 206 (94.5%) 325 (92.3%) 0.410  
Yes 12 (5.5%) 27 (7.7%) 

 

MMR      
dmmr 58 (26.6%) 99 (28.1%) 0.766  
pmmr 160 (73.4%) 253 (71.9%) 
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ACT: Adjuvant Chemotherapy; LVI: Lymphovascular Invasion; PNI: Perineural 
Invasion; MMR: Microsatellite Instability; dMMR: Mismatch Repair Deficiency; 
pMMR: Protein Mismatch Repair Deficiency 

 

Univariate and Multivariate Cox Regression 
for Survival 

The median follow-up time for all patients was 
63 months. In the univariate Cox regression analysis, 
patients over the age of 60, those with IIB stage 
tumors, those with less than 12 lymph nodes cleared, 
and those with vascular invasion had worse overall 
survival (OS) with hazard ratios (HR) and 95% 
confidence intervals (CI) of 2.048 (1.241-3.370, P = 
0.005), 2.431 (1.093-5.406, P = 0.049), 1.968 (1.112-3.483, 
P = 0.019), and 2.864 (1.567-5.232, P = 0.001), 
respectively. Similar results were observed in the 
univariate regression for disease-free survival (DFS), 
where these factors were associated with poorer DFS: 
HR95%CI: 2.051 (1.214-3.465, P = 0.007), HR95%CI: 
2.171 (1.098-4.804, P = 0.054), HR95%CI: 1.873 
(1.006-3.487, P = 0.048), and HR95%CI: 3.114 
(1.704-5.690, P < 0.001). Additionally, in the univariate 
analysis, patients who received adjuvant 
chemotherapy had better OS and DFS, with p-values 
reaching statistical significance. The results are 
presented in Table 3. 

 To further analyze the data, factors with 
p-values less than or equal to 0.2 from the univariate 
analysis were included in the multivariate regression 
analysis. Age, tumor T stage, the number of lymph 
nodes cleared, and the presence of vascular invasion 
were found to be independent risk factors for overall 
survival (OS) with hazard ratios (HR) and 95% 
confidence intervals (CI) of 1.916 (1.158-3.173, P = 
0.011), 2.431 (1.093-5.406, P = 0.029), 1.968 (1.112-3.483, 
P = 0.017), and 2.864 (1.567-5.232, P = 0.001). Similarly, 
in the multivariate analysis for disease-free survival 
(DFS), these factors were identified as independent 
risk factors with the following hazard ratios (HR) and 
95% confidence intervals (CI): 1.881 (1.111-3.186, P = 
0.019), 2.276 (1.026-5.048, P = 0.043), 1.864 (0.995-3.493, 

P = 0.045), and 3.161 (1.723-5.799, P < 0.001). The 
results are presented in Table 3. 

Survival Analysis and Interaction in Adjuvant 
Chemotherapy Subgroups by Clinical and 
Pathological Factors 

The age difference between the ACT and 
non-ACT groups is significant, and age is recognized 
as an independent risk factor for both OS and DFS. 
While the other three survival risk factors did not 
exhibit significant statistical differences between the 
presence or absence of chemotherapy, they are still 
considered significant determinants of survival. 
Therefore, age, tumor staging (TNM stage), the 
number of lymph nodes cleared, and vascular 
invasion are considered potential confounding factors 
that could influence the impact of chemotherapy on 
OS and DFS. Subgroup survival analysis was 
conducted after adjusting for these factors. The results 
indicate that the number of lymph nodes cleared is a 
critical pathological factor affecting patient survival. 
Notably, in patients with 12 or more lymph nodes 
cleared, ACT significantly improved both OS and DFS 
(P=0.030, P=0.026), as shown in Figure 2B and Figure 
2D. However, no significant statistical differences 
were found between ACT and non-ACT patients for 
the other included high-risk factors, as shown in 
Figure S1 and Figure S2 (Supplementary materials).  

Furthermore, after adjusting the Cox risk model, 
it was observed that there was a statistically 
significant multiplicative interaction between lymph 
node clearance of 12 or more and ACT for OS (INTM: 
OR=0.477, P=0.045). This trend was confirmed in the 
additive interaction as well (RERI: -0.531, 95% CI: 
-1.061, -0.002). Please refer to Table 4 for details. 
Similarly, in terms of DFS, the same multiplicative 
and additive interactions were observed (INTM: 
OR=0.338, P=0.039; RERI: -1.097, 95% CI: -2.190, 
-0.005). 

 
 

Table 3. Impact of Clinical and Pathological Factors on Survival: COX Univariate and Multivariate Regression Analysis 

 OS DFS 
Univariate analysis 
HR (95% CI) 

P  Multivariate analysis 
HR (95% CI) 

P Univariate analysis 
HR (95% CI) 

P Multivariate analysis 
HR (95% CI) 

P 

Age (>60) 2.048(1.241-3.370) 0.005 1.916(1.158-3.173) 0.011 2.051(1.214-3.465) 0.007 1.881(1.111-3.186) 0.019 
Sex (Male) 0.990(0.624-1.570) 0.967   0.855(0.532-1.373) 0.517   
TNM stage (IIB) 2.216(1.003-4.897) 0.049 2.431(1.093-5.406) 0.029 2.171(0.981-4.804) 0.054 2.276(1.026-5.048) 0.043 
LNH (<12) 1.967(1.117-3.464) 0.019 1.968(1.112-3.483) 0.017 1.873(1.006-3.487) 0.048 1.864(0.995-3.493) 0.045 
VNI (yes) 2.692(1.482-4.890) 0.001 2.864(1.567-5.232) 0.001 3.114(1.704-5.690) <0.001 3.161(1.723-5.799) <0.001 
PNI (yes) 1.590(0.765-3.300) 0.214   1.618(0.776-3.376) 0.200 1.251(0.572-2.732) 0.575 
ACT (yes) 0.667(0.427-1.040) 0.074 0.703(0.449-1.100) 0.123 0.661(0.416-1.050) 0.080 0.723(0.454-1.150) 0.171 
Mmr (pmmr) 0.962(0.574-1.620) 0.893   0.939(0.512-1.721) 0.838   

LNH: Lymph node harvest; LVI: LymphovascularInvasion; PNI: PerineuralInvasion; MMR: MicrosatelliteInstability; pMMR: Protein Mismatch Repair Deficiency; OS: 
OverallSurvival; DFS: Disease-FreeSurvival; HR: Hazard Ratio 
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Figure 2. Disease-free survival curves of the subpopulation were calculated according to Kaplan-Meier method, and the use of ACT in patients with different number of lymph 
nodes. 

 

Table 4. Subgroup Analysis of Pathological Factors for OS and DFS and Interaction with Adjuvant Chemotherapy 

 ACT VS Non-ACT 
OS DFS 

 Multiplicative 
interaction 

P for INTM Additive interaction 
RERI (95% CI) 

Multiplicative  
interaction 

P for INTM Additive interaction 
RERI (95% CI) 

Age 0.4909 0.198 -1.430(-3.837, 0.975) 0.441 0.166 -1.679(-4.503, 1.146) 
Sex 1.660 0.292 0.355(-0.233, 0.944) 1.859 0.208 0.446(-0.074, 0.965) 
TNM 0.810 0.783 -0.876(-4.226, 2.474) 0.973 0.973 -0.478(-3.457, 2.500) 
LNH 0.477 0.045 -0.531(-1.061, -0.002) 0.338 0.039 -1.097(-2.190, -0.005) 
VNI 0.814 0.735 -0.164(-2.913, 2.586) 1.226 0.740 -0.163(-2.912, 2.585) 
PNI 0.612 0.511 -0.952(-3.378, 1.473) 0.554 0.431 -1.169(-3.800, 1.463) 
MMR 0.419 0.120 -1.014(-2.886, 0.856) 0.576 0.101 -1.619(-4.867, 1.629) 

LNH: Lymph node harvest; LVI: Lymphovascular Invasion; PNI: Perineural Invasion; MMR: Microsatellite Instability; OS: Overall Survival; DFS: Disease-Free Survival; HR: 
Hazard Ratio; RERI: Relative Excess Risk due to Interaction; INTM: Multiplicative interaction 

 

Discussion 
In this study, we conducted subgroup analysis 

based on the clinical high-risk pathological factors of 
stage II rectal cancer as outlined in the guidelines. 
After performing these subgroup analyses, we found 
that the number of lymph nodes cleared had a 
significant impact on the overall survival and 
disease-free survival with adjuvant chemotherapy 
(ACT). However, the other included pathological 
factors in the study did not exhibit an interaction with 
ACT, indicating that adjuvant chemotherapy did not 
significantly affect the survival of rectal cancer 

patients with or without these clinical high-risk 
pathological factors. 

In the current NCCN guidelines, it is 
recommended that patients with stage II rectal cancer, 
particularly those with high-risk pathological factors, 
receive adjuvant chemotherapy (ACT) after curative 
surgery. However, there has been an ongoing debate 
regarding whether postoperative chemotherapy is 
necessary for stage II rectal cancer patients. While 
there has been relatively limited research on 
postoperative adjuvant chemotherapy for stage II 
rectal cancer in the past, some studies have indicated 
the presence of different clinical and pathological risk 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

3536 

stratifications in stage II rectal cancer, which could 
impact patient prognosis [11]. Furthermore, some 
studies have suggested that postoperative 
chemotherapy can significantly improve the survival 
of patients with stage II rectal cancer[12]. However, 
there are also studies indicating that postoperative 
chemotherapy does not have a significant impact on 
patient survival [13]. A long-term survival analysis 
based on SEER data showed that adjuvant 
chemotherapy can improve the 5-year overall survival 
for stage II/III rectal cancer but does not enhance 
cancer-specific survival (CSS) [14]. The inconsistency 
in research findings suggests that the choice of 
adjuvant chemotherapy for stage II rectal cancer may 
require more refined investigations into specific 
patient characteristics. In our study, the number of 
cleared lymph nodes demonstrated a significant 
influence on patient survival with ACT. Additionally, 
the effect of ACT on patient survival varied among 
different lymph node clearance levels.  

Lymph node involvement is a crucial factor 
affecting the postoperative prognosis of rectal cancer 
[15, 16]. In clinical practice, the number of lymph 
nodes examined and the extent of lymph node 
clearance in surgical specimens are used as indicators 
of lymph node involvement. Past research has 
consistently shown that the postoperative clearance of 
lymph nodes is significantly associated with the 
prognosis of stage II rectal cancer patients [17, 18]. 
However, it's important to note that there's ongoing 
debate about the minimum number of lymph nodes 
that should be cleared. Some studies, such as Scott et 
al., recommend a minimum of 13 lymph nodes [19], 
while Hernanz et al. suggest at least 10 [20]. Tepper et 
al.'s research, on the other hand, suggests that a 
minimum of 14 lymph nodes is necessary to 
determine lymph node status in stage II rectal cancer 
patients [21]. While this specific topic isn't the main 
focus of our study, we conducted a categorical 
statistical analysis based on the NCCN guidelines, 
which recommend a threshold of 12 lymph nodes. 

Within our results in Figure 2, an intriguing 
observation emerges. Among patients with fewer 
than 12 cleared lymph nodes, those who received 
adjuvant chemotherapy (ACT) exhibit a tendency 
towards poorer overall survival (OS) and disease-free 
survival (DFS) compared to their non-ACT 
counterparts. However, this trend lacks statistical 
significance. In contrast, among patients with more 
than 12 cleared lymph nodes, a significant statistical 
difference favors ACT, indicating a better prognosis 
for these ACT patients. 

Several factors can impact the number of cleared 
lymph nodes [22], including surgical technique [23], 
tumor location, extent of mesorectal excision, tumor 

size, cancer staging, patient-related factors (such as 
age and gender) [24], and the accuracy and experience 
of the pathologist [25]. Notably, the immune status of 
the patient, particularly the microsatellite status, 
significantly affects the response to chemotherapy in 
stage II rectal cancer patients [26]. Previous research 
has demonstrated that in cases of dMMR 
(microsatellite instability), chemotherapy based on 
5-FU not only fails to provide benefits but can also 
lead to adverse reactions [27-29]. This dMMR 
condition is most prevalent in stage II rectal cancer 
[30]. Moreover, among the patients in our study who 
received ACT, the FOLFOX regimen was the most 
common, followed by the CapeOx regimen. Hence, 
the prevalence of dMMR and the choice of 
chemotherapy regimen could be contributing factors 
to the observed outcomes [31, 32]. 

Additionally, when patients have fewer than 12 
cleared lymph nodes, it often indicates that the 
surgery may not have been well-tolerated. In such 
cases, surgeons tend to minimize the extent and 
duration of the procedure, suggesting that these 
patients may not tolerate postoperative 
chemotherapy, potentially leading to a worse 
prognosis for ACT patients compared to non-ACT 
patients. 

To further substantiate our findings, we 
employed interaction analysis in medical statistics, 
which serves to validate our conclusions. 
Additionally, we conducted subgroup analyses for 
each individual factor within the high-risk features 
based on conventional statistical methods and 
interactions. We observed that previous studies 
predominantly focused on the concept of high-risk 
factors without further analysis. A large-scale study 
on high-risk factors and adjuvant chemotherapy in 
colon cancer found that adjuvant chemotherapy had 
an adverse effect on patient survival, regardless of 
whether it was a single high-risk pathological factor 
or multiple factors [33]. However, a large 
retrospective analysis in Japan yielded contradictory 
results [34, 35]. Most of these studies were based on 
extensive data containing numerous confounding 
factors. Therefore, our study endeavored to mitigate 
this limitation as much as possible and utilized 
interaction analysis, thereby providing stronger 
evidence for our results. In addition, the related 
contents of rectal cancer were also studied and 
explained.  

Age is another potential contributor to this 
phenomenon, particularly in older patients (aged 70 
or older). In this demographic, difficulties in 
tolerating surgery and a compromised immune status 
may lead to a lack of benefit from adjuvant 
chemotherapy. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

3537 

However, for patients with more than 12 cleared 
lymph nodes, the benefits of ACT become evident. 
Therefore, for patients with stage II rectal cancer who 
have had more than 12 lymph nodes cleared during 
surgery, adjuvant chemotherapy is recommended. 

Most prior research is based on large databases 
and the influence of confounding factors can 
significantly impact the results. Moreover, there has 
been limited research on the relationship between 
lymph nodes and stage II rectal cancer. In our study, 
to minimize the impact of other confounding factors, 
we explored the multiplicative and additive 
interactions of each included factor with OS and DFS. 
This approach further strengthens the validity of our 
conclusions and represents a notable advantage of our 
study. 

As for other included clinical-pathological 
factors, such as tumor T stage, there is limited 
research on rectal cancer, but studies in colon cancer 
have been reported. For instance, Kumar et al.'s 
research suggested that in colon cancer, only patients 
with IIB tumors benefit from ACT in terms of OS and 
DFS [36]. However, in our study, both IIA and IIB 
rectal cancer patients demonstrated better OS and 
DFS with ACT compared to non-ACT patients. While 
these differences were not statistically significant, 
they provide valuable directions for further research. 
Similar results were observed in the case of vascular 
invasion. 

This study has several limitations. Firstly, it is a 
retrospective analysis, and the collection of patient 
information may be subject to recall bias. Secondly, 
there were significant differences in the proportions of 
certain factors within the study population, which 
could potentially impact the accuracy of the 
conclusions. Furthermore, the factors influencing 
chemotherapy regimens and survival benefits in stage 
II rectal cancer patients are not limited to those 
included in this study and require further exploration. 
However, the study also has several strengths. Firstly, 
there is limited research on rectal cancer, and our 
conclusions can provide valuable directions and 
references for further research in this area. Secondly, 
we used interaction analyses to quantitatively assess 
the relationship between factors and outcomes, which 
is a less common approach in previous studies. 
Thirdly, there is a scarcity of research specifically 
focused on rectal cancer patients, with most studies 
being based on colon cancer. However, there are 
biological differences between the colon and rectum. 
Therefore, our study contributes valuable findings in 
this area, offering clearer evaluation criteria for 
postoperative adjuvant therapy in rectal cancer 
patients. 

Conclusions 
This study indicates that age, T stage, the 

number of lymph nodes cleared during surgery, and 
lymphovascular invasion are independent risk factors 
influencing overall survival and disease-free survival 
in patients with stage II rectal cancer. Furthermore, 
we observed an interaction between postoperative 
adjuvant chemotherapy and specific pathological 
factors, particularly in patients with a higher number 
of cleared lymph nodes, where adjuvant 
chemotherapy may confer greater survival benefits. 
These findings provide important clinical insights for 
guiding treatment decisions in stage II rectal cancer 
patients, emphasizing the significance of personalized 
therapy. 
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