
Heliyon 10 (2024) e27684

Available online 11 March 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Differential clinical outcomes after 3 versus 5 years in a 
comparison of preoperative chemotherapy with and without 
radiotherapy in locally advanced rectal cancer: A national cohort 
propensity score-matched study 

Yuanxin Zhang a,d,e,1, Rui Luo a,d,e,1, Jingqi Peng b,1, Zichuan He a,d,e, Delin Tan a,d,e, 
Xueping Liu c,d,e, Hui Wang a,d,e, Huaiming Wang a,d,e,* 

a Department of Colorectal Surgery, Department of General Surgery, The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou, China 
b Academy of Traditional Chinese Medicine, Xinjiang Uygur Autonomous Region, Xinjiang, China 
c Office of Gastrointestinal and Anal Surgery, The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou, China 
d Guangdong Provincial Key Laboratory of Colorectal and Pelvic Floor Diseases, The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou, 
China 
e Biomedical Innovation Center, The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou, China   

A R T I C L E  I N F O   

Keywords: 
Neoadjuvant therapy 
Locally advanced rectal cancer 
Survival 
Prognostic factors 
Propensity Score Matching 
FOWARC trial 
PROSPECT trial 

A B S T R A C T   

Background: Preoperative chemotherapy alone might be a good alternative to preoperative che-
moradiotherapy for patients with locally advanced rectal cancer, yet long-term real-world data 
from the same cohort are lacking. 
Methods: Patients diagnosed with stage II-III rectal adenocarcinoma from 2011 to 2015 were 
randomly sampled from the SEER-Plus database to evaluate the superiority of preoperative 
chemoradiotherapy versus preoperative chemotherapy alone. 
Findings: A total of 1314 eligible patients were enrolled, with a median follow-up of 74.0 months. 
At 3-year follow-up, neither overall survival (OS) nor cancer-specific survival (CSS) was signifi-
cantly different between the two treatment groups. At 5-year follow-up, CSS was similar across 
groups (HR 0.768, 95% CI 0.532–1.108; P = 0.156), but the 5-year OS was significantly better in 
the preoperative chemoradiotherapy group than in the preoperative chemotherapy group (HR 
0.682, 95% CI 0.538–0.866; P = 0.002). Besides, the landmark analysis indicated a direct contrast 
in the CSS within 3 years (HR 1.101, 95% CI 0.598–2.029; P = 0.756) versus that at 3–5 years (HR 
0.597, 95% CI 0.377–0.948; P = 0.027). The landmark analysis also showed directly contrasting 
OS outcomes within 3 years (HR 0.761, 95% CI 0.533–1.086; P = 0.130) versus those at 3–5 years 
(HR 0.621, 95% CI 0.451–0.857; P = 0.003). 
Interpretation: In patients with locally advanced rectal cancer under real-world treatment prac-
tices, the addition of preoperative radiotherapy to chemotherapy improves survival outcomes at 
3–5 years’ follow-up but not at 3-year follow-up.  
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1. Research in context 

1.1. Evidence before this work 

More than half of the 46,000 new rectal cancer cases in the United States each year are diagnosed at locally advanced stage (stage II 
and III). For this group, the standard treatment recommended by the guidelines is a combination of total mesorectal excision, con-
current preoperative chemotherapy with ionizing radiation to the pelvis, and postoperative chemotherapy. However, some recent 
studies considered that the addition of preoperative radiotherapy to chemotherapy would have no significant impact on survival 
outcome, and instead resulted in more toxicity or complications. 

2. Added value of this work 

This propensity score-matched cohort study is the first to report long-term, real-world results of chemoradiotherapy versus 
chemotherapy alone in the neoadjuvant setting for locally advanced rectal cancer. The result is representative at a national level due to 
the characteristics of the database used. 

3. Implications of all the available evidence 

Rectal cancer mortality has declined in the US, in part because of advances in treatment. Better evidence supporting decisions of 
high impact in public health may further reduce mortality. Our findings demonstrate the long-term superiority of preoperative che-
moradiotherapy compared with preoperative chemotherapy alone for patients with locally advanced rectal cancer under real-world 
treatment practices. Besides, careful and appropriate drug selection should be used when attempting to provide neoadjuvant 
chemotherapy alone in lieu of a multimodal neoadjuvant approach. 

4. Introduction 

Multimodal treatment of locally advanced rectal cancer typically includes total mesorectal excision (TME), concurrent preoperative 
chemotherapy with ionizing radiation to the pelvis, and postoperative chemotherapy [1,2]. Preoperative chemoradiotherapy has been 
shown to increase the rates of pathologic complete response, downstaging and sphincter preservation relative to preoperative 
chemotherapy alone [3]. These effects are associated with a significant increase in local control. However, some recent studies have 
considered that the addition of preoperative radiotherapy to chemotherapy would have no significant impact on survival outcome. 

The FOWARC trial initially demonstrated that the addition of preoperative radiotherapy to chemotherapy did not significantly 
improve 3-year overall survival (OS) or disease-free survival (DFS) in patients with locally advanced rectal cancer [4]. These findings 
were further supported by long-term follow-up results presented at the 2023 ASCO Annual Meeting. The study emphasized that there 
were no significant differences in survival outcomes between preoperative FOLFOX with or without radiation, and the standard 
regimen of fluorouracil plus radiation. Furthermore, the PROSPECT trial also indicated that preoperative FOLFOX was noninferior to 
preoperative chemoradiotherapy with fluorouracil in terms of 5-year DFS [5,6]. This approach could spare patients of the morbidities 
associated with radiotherapy, but the National Comprehensive Cancer Network (NCCN) panel considers investigational at this time 
[7]. 

Some systematic reviews have suggested that preoperative chemotherapy alone is a good alternative to chemoradiotherapy for 
patients with locally advanced rectal cancer, as it is associated with low toxicity, low anastomotic leakage, and high survival rates [8, 
9]. However, the two groups in the systematic review came from heterogeneous study cohorts. Their baseline variables are so 
inconsistent that they are not sufficiently comparable. 

These controversial results warrant further validation with long-term real-world data from head-to-head comparisons of neo-
adjuvant therapy approaches. In this study, we present the 5-year clinical outcomes for 1314 patients with locally advanced rectal 
cancer receiving routine clinical care and allocated to treatment with either preoperative chemoradiotherapy or chemotherapy alone, 
using a data set in existence for the United States population: the National Cancer Institute’s (NCI’s) Surveillance, Epidemiology, and 
End Results (SEER)-Plus database. 

5. Methods 

5.1. Data source 

We conducted a retrospective study using deidentified data from SEER-Plus. The NCI approved this analysis and waived the need 
for informed consent from the patients (No. SAR0019360). The SEER Program of the NCI is responsible for the collection and reporting 
of cancer incidence and survival data from several population-based central cancer registries. This study was limited to the SEER-17 
registries, which cover approximately 26.5% of the U.S. population (consisting of Utah, Seattle-Puget Sound, New Jersey, New Mexico, 
Louisiana, Los Angeles, Kentucky, Iowa, Hawaii, Greater California, San Francisco-Oakland, San Jose-Monterey, Rural Georgia, 
Greater Georgia, Atlanta, Connecticut, and the Alaska Native Tumor Registry) with complete longitudinal data necessary for the 
analyses. 
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5.2. Patient selection and study parameters 

Patients diagnosed with stage II or III rectal adenocarcinoma were eligible for inclusion. Patients were enrolled from 2011 to match 
the present patterns of rectal cancer care in the United States [10]. Key exclusion criteria were as follows: (a) treatment regimens other 
than those being studied; (b) the absence of important clinicopathological factors, such as histologic grade, N stage and treatment 
information. Finally, patients assigned to receive preoperative chemoradiotherapy or preoperative chemotherapy alone followed by 
resection with/without postoperative chemotherapy were divided into two groups for comparison. This study evaluated the superi-
ority of preoperative chemoradiotherapy versus preoperative chemotherapy alone. 

Propensity score-based weighting was used to adjust for covariate differences between the treatment groups [11]. We used nearest 
neighborhood matching to estimate the propensity scores and stabilized them to improve covariate balance [12]. Adjustments were 
made for sex, age, marital status, race, T category, N category, American Joint Committee on Cancer (AJCC) stage, histologic grade, 
tumor size, number of nodes examined, perineural invasion, tumor deposits, pretreatment carcinoembryonic antigen (CEA) and 
postoperative chemotherapy use via propensity score–based weighting. Race was included in the analysis to make the results more 

Fig. 1. Flow chart of SEER-Plus population recruitment. RT = radiotherapy; CT = chemotherapy; CRT = chemoradiotherapy; PSM = propensity 
score matching. 
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generalizable to the US population. Patients were uniformly reviewed and staged according to the seventh edition of the TNM clas-
sification. Stage II included T3 or T4 tumors with no positive regional lymph nodes, and stage III included any T1 to T4 tumors with 
regional lymph node involvement. 

Table 1 
Baseline characteristics of patients between both treatment groups in the unmatched and matched populations.  

Characteristics Unmatched population (n = 7388) Matched population (n = 1314) 

Pre CT(n = 219) Pre CRT(n = 7169) P value Pre CT(n = 219) Pre CRT(n = 1095) P value 

Sex   0.339   0.896 
Female 76 (34.7) 2733 (38.1)  76 (34.7) 372 (34.0)  
Male 143 (65.3) 4436 (61.9)  143 (65.3) 723 (66.0)  
Age at diagnosis, yr   0.999   0.961 
<60 111 (50.7) 3631 (50.6)  111 (50.7) 560 (51.1)  
≥60 108 (49.3) 3538 (49.4)  108 (49.3) 535 (48.9)  
Marital statusa   0.642   0.860 
Not married 89 (40.6) 2785 (38.8)  89 (40.6) 435 (39.7)  
Married 130 (59.4) 4384 (61.2)  130 (59.4) 660 (60.3)  
Raceb   0.544   0.734 
White 175 (79.9) 5838 (81.4)  175 (79.9) 886 (80.9)  
Black 15 (6.8) 545 (7.6)  15 (6.8) 83 (7.6)  
Other/unknown 29 (13.2) 786 (11.0)  29 (13.2) 126 (11.5)  
T category   0.008   0.999 
T1-3 183 (83.6) 6413 (89.5)  183 (83.6) 912 (83.3)  
T4 36 (16.4) 756 (10.5)  36 (16.4) 183 (16.7)  
N category   0.702   0.725 
N0 89 (40.6) 2769 (38.6)  89 (40.6) 444 (40.5)  
N1 96 (43.8) 3349 (46.7)  96 (43.8) 502 (45.8)  
N2 34 (15.5) 1051 (14.7)  34 (15.5) 149 (13.6)  
AJCC stagec   0.594   0.999 
II 89 (40.6) 2769 (38.6)  89 (40.6) 444 (40.5)  
III 130 (59.4) 4400 (61.4)  130 (59.4) 651 (59.5)  
Histologic grade   0.648   0.559 
Well/moderately 195 (89.0) 6293 (87.8)  195 (89.0) 992 (90.6)  
Poor/undifferentiated 24 (11.0) 876 (12.2)  24 (11.0) 103 (9.4)  
Tumor size, cm   0.326   0.762 
<5 113 (51.6) 3332 (46.5)  113 (51.6) 554 (50.6)  
≥5 78 (35.6) 2823 (39.4)  78 (35.6) 415 (37.9)  
Unknown 28 (12.8) 1014 (14.1)  28 (12.8) 126 (11.5)  
Nodes examinedd, No.   0.336   0.330 
<12 65 (29.7) 2367 (33.0)  65 (29.7) 287 (26.2)  
≥12 154 (70.3) 4802 (67.0)  154 (70.3) 808 (73.8)   

Characteristics Unmatched population (n = 7388) Matched population (n = 1314) 
Pre CT(n = 219) Pre CRT(n = 7169) P value Pre CT(n = 219) Pre CRT(n = 1095) P value 

Perineural Invasione   0.721   0.775 
Negative 164 (74.9) 5496 (76.7)  164 (74.9) 842 (76.9)  
Positive 27 (12.3) 763 (10.6)  27 (12.3) 130 (11.9)  
Unknown 28 (12.8) 910 (12.7)  28 (12.8) 123 (11.2)  
Tumor Depositse   0.609   0.729 
Negative 170 (77.6) 5688 (79.3)  170 (77.6) 872 (79.6)  
Positive 23 (10.5) 776 (10.8)  23 (10.5) 112 (10.2)  
Unknown 26 (11.9) 705 (9.8)  26 (11.9) 111 (10.1)  
CEA Pretreatment   0.377   0.323 
Normal 86 (39.3) 2847 (39.7)  86 (39.3) 425 (38.8)  
Elevated/borderline 62 (28.3) 2278 (31.8)  62 (28.3) 360 (32.9)  
Unknown 71 (32.4) 2044 (28.5)  71 (32.4) 310 (28.3)  
Postoperative CT   0.023   0.957 
No 154 (70.3) 4484 (62.5)  154 (70.3) 765 (69.9)  
Yes 65 (29.7) 2685 (37.5)  65 (29.7) 330 (30.1)  

Abbreviations: Pre, preoperative; CT, chemotherapy; CRT, chemoradiotherapy; AJCC, American Joint Committee on Cancer; CEA, carcinoembryonic 
antigen. 

a This variable identifies the patient’s marital status at the time of diagnosis for rectal adenocarcinoma; the data item ‘Not married’ includes single, 
widowed, divorced and separated statuses. 

b The race information was recoded into three major categories to make them compatible with available annual population estimates used as 
denominators for the rates: White, Black and Other (I.e. American Indian/Alaska Native and Asian/Pacific Islander). 

c In determining AJCC stage, the seventh AJCC edition was used; substages (e.g., IIA, IIB) were collapsed; the existing AJCC 7th ed. T, N, M and 
stage data for 2011–2015 can be either a clinical or pathologic stage due to the limitations of the SEER-Plus database. 

d NCCN guidelines recommend that the adequate staging of colorectal cancer demands sampling at least 12 lymph nodes. 
e Perineural invasion and tumor deposit status were diagnosed by pathology. 
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5.3. Endpoint 

The primary analytic endpoint was OS from initial diagnosis to the date of death or censoring at the last follow-up. The secondary 
endpoint was cancer-specific survival (CSS), calculated as the proportion of enrollees who were alive or died from the cancer-specific 
disease in a defined period of time; patients who died from causes other than the disease being studied were not counted. 

5.4. Statistical analyses 

We performed a post hoc analysis of sample sizes after propensity score matching. The sample parameters of the two treatment 
groups, such as the means, standard deviations, and sample sizes, were calculated to obtain an effect size of 0.30 (95% CI 0.15 to 0.44). 
Then, it was estimated that the study could provide a power of 98% with a type I error of 5% (two sided). 

The median period of follow-up was calculated for the entire study cohort according to the reverse Kaplan‒Meier method [13]. OS 
was determined using the Kaplan‒Meier method. The differences between survival curves were assessed for statistical significance 
with the log-rank test. We estimated differences between groups by calculating hazard ratios (HRs) and 95% confidence intervals (CIs). 
Patients who received preoperative chemotherapy alone were used as the reference group in the analyses. Additionally, we performed 
landmark analyses to assess survival outcomes at 3 years and at 3–5 years. CSS was analyzed with the same methods as those used for 
the analysis of OS. Subgroup analyses of OS were performed by means of an interaction test to determine the consistency of the 

Fig. 2. Overall survival of preoperative chemoradiotherapy and preoperative chemotherapy groups in the matched population. (A) 
Kaplan‒Meier estimates of overall survival. (B) Landmark analysis discriminating between overall survival before and after 3 years of follow-up. HR 
= hazard ratio. 
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treatment effect according to key baseline characteristics. A univariable Cox proportional hazards model was used to assess crude 
prognostic variables, and multivariable Cox proportional hazards models were used to evaluate independent prognostic factors related 
to 5-year OS. 

The corresponding variable details were extracted with SEER*Stat software (version 8.4.0.1). All statistical analyses were per-
formed by SPSS (version 25.0; IBM Corp., Armonk, New York, USA) and R software (version 4.1.2; http://www.r-project.org). All 
statistical tests were two-sided, with P values < 0.05 considered statistically significant. 

6. Results 

Fig. 1 shows the flow chart of SEER-Plus population recruitment. Between 2011 and 2015, a total of 7388 patients with stage II-III 
rectal adenocarcinoma were eligible. After propensity score matching, 1314 patients were finally available for our study, and among 
them, 219 patients in the preoperative chemotherapy group were matched with 1095 patients in the preoperative chemoradiotherapy 
group, leaving no statistically significant baseline differences between matched groups. Table 1 summarizes the patient baseline 
characteristics in both treatment groups. 

In the matched population, the median follow-up was 74.0 months. The mean OS was 84.2 months in the preoperative chemo-
radiotherapy group and 76.4 months in the preoperative chemotherapy group. Fig. 2A illustrates that the 5-year OS was significantly 
different (HR 0.682, 95% CI 0.538–0.866; P = 0.002), while OS appeared similar within 3 years. The landmark analysis confirmed that 

Fig. 3. Cancer-specific survival of preoperative chemoradiotherapy and preoperative chemotherapy groups in the matched population. 
(A) Kaplan‒Meier estimates of cancer-specific survival. (B) Landmark analysis discriminating between cancer-specific survival before and after 3 
years of follow-up. HR = hazard ratio. 
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survival outcomes did not differ significantly between the two groups at 3-year follow-up (HR 0.761, 95% CI 0.533–1.086; P = 0.130); 
however, at 3–5 years’ follow-up, OS was significantly greater in the preoperative chemoradiotherapy group than in the preoperative 
chemotherapy group (HR 0.621, 95% CI 0.451–0.857; P = 0.003) (Fig. 2B). 

At 5-year follow-up, CSS was similar between patients who received preoperative chemoradiotherapy and preoperative chemo-
therapy (HR 0.768, 95% CI 0.532–1.108; P = 0.156) (Fig. 3A). This finding at 5 years is indicative of directly contrasting results for 
survival outcomes within 3 years versus 3–5 years. Patients in the preoperative chemoradiotherapy group had worse CSS outcomes 

Fig. 4. Forest plot of the treatment effect on overall survival in subgroup analyses. HR = hazard ratio; AJCC=American Joint Committee on 
Cancer; CEA = carcinoembryonic antigen; Pre = preoperative; CRT = chemoradiotherapy; CT = chemotherapy. 
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within 3 years (HR 1.101, 95% CI 0.598–2.029; P = 0.756), but had better CSS outcomes beyond the third year (HR 0.597, 95% CI 
0.377–0.948; P = 0.027) (Fig. 3B). 

We also conducted a subgroup analysis to separate the risk factors when comparing survival outcomes. Prespecified subgroup 
analyses favored patients treated with preoperative chemoradiotherapy. The advantage of preoperative chemoradiotherapy in terms of 
5-year OS was consistent across all subgroups (Fig. 4). Furthermore, subgroup analyses did not reveal any significant interaction 
between baseline characteristics and treatment effect. 

Univariate Cox regression analysis identified 13 underlying prognostic factors and variables with a P < 0.05 in the univariate 
analysis were selected for multivariate analysis. In the multivariable analysis, factors significantly associated with a worse 5-year OS 
only were preoperative chemotherapy alone, older age, unmarried status, T4, N2, poor/undifferentiated grade, less than 12 nodes 
examined, presence of perineural invasion, presence of tumor deposits, elevated pretreatment CEA and no use of postoperative 
chemotherapy (Table 2). 

7. Discussion 

It is an interesting finding of this study that the addition of preoperative radiotherapy to chemotherapy improves long-term survival 
despite no difference in short-term survival. The study also showed independent predictors for poor OS in patients with locally 
advanced rectal cancer. 

According to the study by Murphy CC et al. (2015) [10], the NCI ’s SEER program documented a variety of therapy sequences and 
chemotherapy agents used in the treatment of locally advanced rectal cancer in the United States. Among chemotherapy treated 
patients, the use of fluorouracil alone decreased from 35.8% in 2000 to 10.3% in 2010, and there was an increase in the use of FOLFOX 
(32.3% in 2005 to 44.0% in 2010). 

Contrary to the findings of our study, the FOWARC and PROSPECT trials indicated that preoperative FOLFOX was similar to 
preoperative chemoradiotherapy with fluorouracil in terms of 5-year survival. Furthermore, the FOWARC trial revealed that there 
were no significant differences in 5-year survival outcomes between preoperative FOLFOX with and without radiation. A plausible 
explanation might be that the efficacy of modified FOLFOX is sufficiently robust to reach a plateau in survival benefits, and additional 
radiotherapy cannot further improve survival. However, for other chemotherapy agents, preoperative fluorouracil would be inferior to 
preoperative chemoradiotherapy with fluorouracil with respect to 5-year survival. Our study utilized real-world data to represent 
current treatment practices for locally advanced rectal cancer in the United States, particularly including the diverse chemotherapy 
agents. This may be responsible for the different results between these studies. 

The point of time for endpoint assessment in a clinical study comparing various treatment methods is meant to represent a true and 
long-lasting study result. The follow-up evaluation and event monitoring of the PROSPECT trial will continue up to 58.0 months post 
randomization. Our study had a median follow-up of 74.0 months. We found that a 3-year primary endpoint does not necessarily 
capture long-term outcomes after receiving neoadjuvant therapy. Notably, with 73% of the included patients still alive after 5 years, 
long-term outcomes, even beyond 5 years, seem to be of the utmost importance. This was justified in the era of TME when very low 
mortality and local recurrence rates were not an issue [14–16], and the high cumulative incidence of distant recurrence was the main 

Table 2 
Univariate and multivariate analyses of the effects of prognostic factors on overall survival in the matched population.  

Variable Univariate analysis Multivariate analysis 

HR (95% CI) P value HR (95% CI) P value 

Pre treatment (Pre CRT vs. Pre CT) 0.682 (0.538–0.866) 0.002 0.707 (0.556–0.899) 0.005 
Sex (Male vs. Female) 1.219 (0.990–1.501) 0.062   
Age (≥60 vs. <60 yr) 1.611 (1.326–1.958) <0.001 1.550 (1.267–1.896) <0.001 
Marital status (Married vs. Not married) 0.720 (0.594–0.872) 0.001 0.777 (0.638–0.946) 0.012 
Race (Black vs. White) 1.610 (1.179–2.199) 0.003 1.314 (0.958–1.802) 0.091 
T category (T4 vs. T1-3) 2.020 (1.621–2.519) <0.001 1.596 (1.273–2.000) <0.001 
N category  <0.001  <0.001 
N0 Reference  Reference  
N1 0.942 (0.759–1.169) 0.586 1.090 (0.872–1.363) 0.448 
N2 1.930 (1.488–2.503) <0.001 1.922 (1.446–2.554) <0.001 
AJCC stage (III vs. II) 1.141 (0.936–1.390) 0.192   
Grade (Poor/undifferentiated vs. Well/moderately) 1.831 (1.395–2.403) <0.001 1.698 (1.289–2.235) <0.001 
Tumor size (≥5 vs. <5 cm) 1.173 (0.957–1.439) 0.124   
Nodes examined (≥12 vs. <12) 0.754 (0.613–0.928) 0.008 0.774 (0.623–0.962) 0.021  

Variable Univariate analysis Multivariate analysis 
HR (95% CI) P value HR (95% CI) P value 

Perineural Invasion (Positive vs. Negative) 2.018 (1.565–2.602) <0.001 1.555 (1.182–2.044) 0.002 
Tumor Deposits (Positive vs. Negative) 2.050 (1.576–2.667) <0.001 1.422 (1.064–1.901) 0.017 
CEA Pretreatment (Elevated/borderline vs. Normal) 1.880 (1.489–2.374) <0.001 1.641 (1.293–2.083) <0.001 
Postoperative CT (Yes vs. No) 0.695 (0.556–0.869) 0.001 0.732 (0.583–0.919) 0.007 

Abbreviations: HR, hazard ratio; CI, confidence interval; Pre, preoperative; CRT, chemoradiotherapy; CT, chemotherapy; AJCC, American Joint 
Committee on Cancer; CEA, carcinoembryonic antigen. 
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limitation of long-term survival [17,18]. Therefore, 3-year results in head-to-head comparisons of neoadjuvant therapy approaches in 
locally advanced disease might change over time and long-term follow-up of at least 5 years should be incorporated into the design of 
such studies. The role of different neoadjuvant approaches in reducing distant recurrence remains a priority area for future research. 

Although radiotherapy results in more toxicity or complications [19,20], we found, via subgroup analysis of age, that the addition 
of preoperative radiotherapy to chemotherapy could still improve long-term survival in elderly patients. Just as caution must be used 
when interpreting these results, there should be reasonable awareness of the beneficial effects of radiation on multidisciplinary 
treatment. On the one hand, combining chemotherapy with a novel delivery of radiotherapy could achieve chemo-sensitization and 
site-directed chemotherapy. A multi-institutional phase I study combining low-dose ultrafractionated radiotherapy as a chemo-
sensitizer for standard-dose gemcitabine and erlotinib was found to be well tolerated with encouraging efficacy [21]. Another study 
reported that the anticancer chemotherapy prodrug can be activated using clinically relevant doses of ionizing radiation, enabling 
site-directed chemotherapy, rather than systemic chemotherapy, with real-time drug decaging at the tumor site [22]. On the other 
hand, radiotherapy-induced effects on the tumor microenvironment can block the immune camouflage of tumor cells and enhance the 
recruitment of immunostimulatory T cells. Recently, it has been demonstrated that ionizing radiation may exert interesting effects on 
the tumor microenvironment, increasing the effectiveness of patients’ antitumor immune responses in the primary tumor site, even at 
distant sites [23,24]. 

This study showed that perineural invasion was a significant independent predictor for poor OS in patients with locally advanced 
rectal cancer. In addition, other studies revealed that patients with perineural invasion could be categorized as high-risk for local or 
distant recurrence [25,26]. Interestingly, perineural invasion can be controlled by postoperative chemotherapy [27,28], but not by 
preoperative chemoradiotherapy [29,30]. All these studies highlight the importance of perineural invasion and suggest that greater 
surveillance and a more intensive treatment strategy may be required for patients with this risk factor. 

This study has several limitations. First, the main limitation is the inherent selection bias present in SEER-Plus database studies. 
Second, some treatment details, including definitive drug, dose, duration and toxicity in rectal cancer, are lacking in SEER-Plus 
database, even if we could see chemotherapy agents documented by the NCI ’s SEER program from Murphy CC et al.’ s (2015) 
study. Therefore, we call upon the NCI to further open access to the SEER database in the future, thereby validating our speculation by 
analyzing treatment regimens with different chemotherapy/radiotherapy strategies. Finally, a potential limitation of landmark ana-
lyses is the fact that events, in particular mortality, that occur before the landmark are not included in the analysis beyond the 
landmark. Luckily, 3-year mortality was similar in the preoperative chemoradiotherapy and chemotherapy groups and therefore 
unlikely to have affected the 3–5 years’ analyses. 

8. Conclusion 

In patients with locally advanced rectal cancer under real-world treatment practices, the addition of preoperative radiotherapy to 
chemotherapy improves survival outcomes at 3–5 years’ follow-up but not at 3-year follow-up. Careful and appropriate drug selection 
should be used when attempting to provide neoadjuvant chemotherapy alone in lieu of a multimodal neoadjuvant approach. 
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