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Introduction

Rectal cancer, which includes lesions located within  
12 cm of the anal verge (1), is the most frequently diagnosed 
cancer and the most common cause of cancer-related 
death worldwide (2). Neoadjuvant chemoradiotherapy 
combined  wi th  to ta l  mesorec ta l  exc i s ion  i s  the 
recommended treatment for locally advanced (tumor-

node-metastasis stage II or III) rectal cancer according 
to the 2018 Guidelines for Treatment of Cancer by Site 
recommended by the National Comprehensive Cancer 
Network (NCCN) (3). However, only an estimated 55% 
of rectal cancer patients in the USA actually receive 
preoperative chemoradiotherapy (4,5). The large minority 
of patients who do not receive neoadjuvant therapy as 
recommended by the NCCN, leads to the question of how 
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to best treat these patients. The 2015 NCCN treatment 
recommendations include adjuvant chemoradiotherapy 
for pathological stage II or III rectal cancer without 
preoperative treatment (6), but the 2018 update does not 
include a specific recommendation for patients who did not 
receive preoperative chemoradiotherapy (3), as it remains 
uncertain whether postoperative adjuvant radiotherapy is 
effective. Peng et al. found that postoperative radiotherapy 
had a significant survival benefit for patients with T3N0 
rectal cancer, as compared with surgery alone (7). However, 
a prospective study by Kim et al. found no beneficial effect 
of postoperative radiotherapy on survival of patients with 
stage IIA rectal cancer after total mesorectal excision (8). 
Moreover, postoperative radiotherapy for locally advanced 
stage III rectal cancer has been associated with frequent, 
late-onset complications that were difficult to resolve and 
seriously impaired patient quality of life (9).

The aim of this study was to evaluate the effect of 
postoperative radiotherapy on survival of patients with 
locally advanced rectal cancer who did not receive 
preoperative chemoradiotherapy.

Methods

Data source

The cohort of this retrospective study was limited to 
patients aged ≥66 years who underwent resection of rectal 
cancer between 1992 and 2009. Patient data were collected 
from the Surveillance, Epidemiology, and End Results 
(SEER)-Medicare database. The SEER database, which 
covers approximately 28% of the US population, includes 
patient demographics, tumor and disease characteristics, 
survival rates, and causes of death of individuals diagnosed 
with cancer (10). Medicare is the primary health insurer 
for approximately 97% of the US population aged  
≥65 years (11). The SEER-Medicare database is fully 
described elsewhere (12). The study protocol was approved 
by the Institutional Review Board of the First Hospital of 
China Medical University (Shenyang, China) and the use of 
the SEER-Medicare database was approved by the National 
Cancer Institute (Rockville, MD, USA).

Patient selection

The study cohort was limited to patients diagnosed with 
incident malignant primary rectum cancer (SEER cancer 
site codes 19.9 and 20.9) and who underwent primary 

tumor resection within 180 days of diagnosis. Patients who 
received any preoperative chemotherapy or radiotherapy, 
died within 30 days of resection, had stage I or IV 
tumors, a prior diagnosis of non-rectal cancer, incomplete 
pathological stage or diagnostic data, subscribed to a 
Medicare-sponsored health maintenance organization, 
or were not enrolled in Medicare parts A and B from  
12 months preceding diagnosis to 60 months after diagnosis 
were excluded from analysis.

Variables

Five datasets in SEER-Medicare database (PEDSF, MEDPAR, 
Outpatient, NCH, and DME) were used for the extraction 
of data. Status of radiotherapy, Age at diagnosis, year of 
diagnosis, gender, race, histological type, histological grade, 
number of lymph nodes examined, residence location, 
marital status, median household income, education level, 
pT category, and pN category were extracted from PEDSF. 
Intestinal obstruction was extracted from information of 
diagnosis in MEDPAR, Outpatient, NCH, and DME. 
To control for the effects of comorbidities, the analysis 
was adjusted by the Centers for Medicare and Medicaid 
Services Hierarchical Condition Category (HCC) using 
Medicare outpatient and inpatient claims for miscellaneous 
comorbidities within 12 months of cancer diagnosis. The 
HCC risk score summarized healthcare problems and forecasts 
future healthcare costs of a study population, as compared 
with the average Medicare beneficiary (13). Postoperative 
pathological stage was determined according to the criteria 
of the Union for International Cancer Control (UICC) 
tumor-node-metastasis staging system (14). Status and time 
of surgery were extracted from MEDPAR and NCH. Status 
and time of chemotherapy were extracted from MEDPAR, 
Outpatient, DME and NCH. The code determined 
chemotherapy was based on our previous study (15). 
Data on postoperative chemotherapy were obtained from 
claims filed within 9 months of surgery. The 5-fluorouracil  
(5-FU) regimen included the use of 5-FU or capecitabine. 
The FOLFOX regimen included the use of oxaliplatin within 
30 days of the first chemotherapy (5-FU) dose. Patients 
without any record of receiving chemotherapy within  
1 year after surgery were included in the “no-treatment” 
group.

Statistical analysis

The chi-square test was used to compare differences in 
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demographic and tumor characteristics among groups. 
For univariate analysis of overall survival (OS), Kaplan-
Meier estimates of cumulative survival were compared by 
the log-rank test. Because the choice of radiotherapy was 
likely to have been confounded by several patient variables, 
propensity score (PS)-matched analysis was performed to 
adjust for differences in risk when estimating the effects 
of treatment on survival (16,17). PS matching reduces bias 
by assembling a sample in which confounding factors are 
balanced between the no-radiotherapy and radiotherapy 
groups. Univariate logistic regression was used to identify 
factors related to treatment selection (P<0.05). Multivariate 
logistic regression was used to estimate the PS of each 
group (Table 1). Matching by PS was performed using the 
psmatch2 module available with the STATA 14.0 software 
package (Stata LLC, College Station, TX, USA). A Cox 
proportional hazards model was used for adjusted analysis of 
variables that were identified as significantly associated with 
survival by univariate analysis. Hazard ratios (HRs) with 
95% confidence intervals (CIs) were calculated. Statistical 
analyses were performed and graphics were created using 
SAS 9.4 software (SAS Institute, Cary, NC, USA), STATA 
14.0, and IBM SPSS Statistics for Windows, version 20.0. 
(IBM Corp., Armonk, NY, USA). A probability P value 
<0.05 was considered statistically significant.

Results

Patient characteristics

The demographics of the 9,585 selected patients (stage II, 
n=4,587; stage III, n=4,998) are shown in Table 2. Compared 
with non-radiotherapy, radiotherapy was more common 
in male (P<0.001), younger individuals (P<0.001), year at 
diagnosis before 2000 (P<0.001), white race (P=0.016), 
married (P<0.001), poor histological grade (P<0.001), 

T4b category (P<0.001), N1–N2 category (P<0.001), non-
intestinal obstruction (P<0.001), number of examined 
lymph nodes <12 (P=0.035), 5-FU chemotherapy (P<0.001).

Stage II patients

The results of univariate and multivariate analyses of 
stage II patients by Cox proportional hazards regression 
are shown in Table 3. Univariate analysis found that 
radiotherapy (HR =0.591, 95% CI: 0.524–0.666; P<0.001) 
was associated with survival. In multivariate analysis, 
radiotherapy was not significantly associated with survival 
(HR =0.940; 95% CI: 0.811–1.090; P=0.415).

There was no significant difference in OS with or 
without radiotherapy among stage II patients (P=0.073, 
Figure 1A). Also, there was no significant difference in OS 
between the 5-FU and 5-FU/radiotherapy treatment groups 
(P=0.914, Figure 1B). In the PS-matched cohorts, the 
differences in OS in the No-treatment and Radiotherapy 
groups were not significant (P=0.430, Figure 1C). The 
difference in OS between the 5-FU and 5-FU/radiotherapy 
groups was not significant (P=0.815, Figure 1D).

Stage III patients

The results of univariate and multivariate analyses and Cox 
proportional hazards regression for patients with stage III 
tumors are shown in Table 4. Univariate and multivariate 
analyses showed that radiotherapy was associated with OS 
(HR =0.651 and 0.870; 95% CI: 0.598–0.707 and 0.791–
0.956; P<0.001 and P=0.004, respectively).

The effectiveness of radiotherapy was also evaluated 
separately in three treatment-group pairs, i.e., no-
treatment vs. radiotherapy, 5-FU vs. 5-FU/radiotherapy, 
and FOLFOX vs. FOLFOX/radiotherapy (Figures 2). 

Table 1 Primary effects of variables included in the PS-matched models

Variables related to PS-matched models Stage II patients Stage III patients

Variables that significantly related to the patients’ 
probability of receiving radiotherapy among the 
no-treatment and radiotherapy groups.

Age at diagnosis, level of 
education, year at diagnosis, 
race, HCC risk score, median 
household income, histologic 
type, pT category 

Intestinal obstruction, age at diagnosis, year 
at diagnosis, HCC risk score, marital status, 
histologic type, pN category, gender 

Variables that significantly related to the patients’ 
probability of receiving radiotherapy among the 
5-FU and 5-FU/radiotherapy groups.

Intestinal obstruction, residence 
location, pT category 

Intestinal obstruction, age at diagnosis, year at 
diagnosis, residence location, marital status, 
gender 

PS, propensity score; HCC, Hierarchical Condition Categories; 5-FU, 5-fluorouracil.
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Table 2 Clinicopathological characteristics of the included rectal cancer patients

Clinicopathologic characteristics
Number of patients (%)

P value
Without radiotherapy With radiotherapy

Gender <0.001

Male 3,250 (68.0) 1,530 (32.0)

Female 3,547 (73.8) 1,258 (26.2)

Age at diagnosis (years) <0.001

66–71 1,374 (57.5) 1,015 (42.5)

72–75 1,234 (63.7) 704 (36.3)

76–81 1,897 (71.4) 759 (28.6)

>81 2,292 (88.1) 310 (11.9)

Residence location* 0.015

Big metro 3,795 (72.1) 1,466 (27.9)

Metro or urban 2,210 (69.3) 977 (30.7)

Less urban or rural 792 (69.7) 344 (30.3)

Year at diagnosis <0.001

1992–1996 1,592 (67.3) 773 (32.7)

1997–2000 1,287 (66.0) 662 (34.0)

2001–2004 2,103 (72.1) 813 (27.9)

2005–2009 1,815 (77.1) 540 (22.9)

Race 0.016

White 5,801 (70.4) 2,442 (29.6)

Black 454 (75.7) 146 (24.3)

Asian 256 (74.9) 86 (25.1)

Other 286 (71.5) 114 (28.5)

Marital status <0.001

Single + separated 620 (78.0) 175 (22.0)

Married 3,242 (65.9) 1,680 (34.1)

Divorced + widowed 2,719 (75.8) 869 (24.2)

Other 216 (77.1) 64 (22.9)

Level of education 0.010

1st quartile 1,706 (71.3) 688 (28.7)

2nd quartile 1,658 (69.1) 741 (30.9)

3rd quartile 1,675 (70.0) 718 (30.0)

4th quartile 1,758 (73.3) 641 (26.7)

Median household income 0.131

1st quartile 1,697 (70.9) 696 (29.1)

2nd quartile 1,685 (70.4) 708 (29.6)

3rd quartile 1,672 (69.7) 728 (30.3)

4th quartile 1,743 (72.7) 656 (27.3)

Table 2 (continued)
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Table 2 (continued)

Clinicopathologic characteristics
Number of patients (%)

P value
Without radiotherapy With radiotherapy

Histologic type 0.038

Adenocarcinoma 6,259 (71.1) 2,538 (28.9)

Mucinous carcinoma 333 (65.6) 175 (34.4)

Signet-ring cell carcinoma 168 (74.0) 59 (26.0)

Unknown 37 (69.8) 16 (30.2)

Histologic grade <0.001

Well 401 (72.8) 150 (27.2)

Moderate 5,150 (72.1) 1,991 (27.9)

Poor 1,070 (65.9) 554 (34.1)

Undifferentiated 48 (72.7) 18 (27.3)

Unknown 128 (63.1) 75 (36.9)

pT category <0.001

pT1 149 (65.1) 80 (34.9)

pT2 486 (62.5) 292 (37.5)

pT3 5,457 (72.3) 2,094 (27.7)

pT4a 412 (74.2) 143 (25.8)

pT4b 293 (62.1) 179 (37.9)

pN category <0.001

pN0 3,550 (77.4) 1,037 (22.6)

pN1a 1,129 (67.4) 547 (32.6)

pN1b 1,025 (64.8) 556 (35.2)

pN2a 615 (62.1) 376 (37.9)

pN2b 478 (63.7) 272 (36.3)

Intestinal obstruction <0.001

No 6,011 (70.0) 2,581 (30.0)

Yes 786 (79.2) 207 (20.8)

HCC risk score* <0.001

1st quartile 1,803 (76.3) 559 (23.7)

2nd quartile 1,440 (66.0) 743 (34.0)

3rd quartile 1,644 (66.8) 818 (33.2)

4th quartile 1,763 (74.2) 612 (25.8)

Number of examined lymph node 0.035

<12 3,655 (70.0) 1,565 (30.0)

≥12 3,142 (72.0) 1,223 (28.0)

Chemotherapy* <0.001

No-chemotherapy 4,863 (91.2) 470 (8.8)

5-FU 1,646 (42.9) 2,189 (57.1)

FOLFOX 262 (69.5) 115 (30.5)

*, variables have missing data. HCC, Hierarchical Condition Categories; HR hazard ratio; 5-FU, 5-fluorouracil; CI, confidence interval.
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Table 3 Univariate and multivariate analyses of OS of stage II patients

Clinicopathologic characteristics
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Gender

Male 1 – – – – –

Female 0.940 0.859–1.029 0.179 – – –

Age at diagnosis (years)

66–71 1 – – 1 – –

72–75 1.165 0.983–1.380 0.078 1.206 1.014–1.433 0.034

76–81 1.792 1.552–2.070 <0.001 1.691 1.456–1.964 <0.001

>81 3.116 2.721–3.568 <0.001 2.720 2.340–3.161 <0.001

Residence location

Big metro 1.000 – – – – –

Metro or urban 0.992 0.899–1.094 0.869 – – –

Less urban or rural 0.914 0.789–1.060 0.235 – – –

Year at diagnosis

1992–1996 1.000 – – – – –

1997–2000 1.012 0.891–1.150 0.849 – – –

2001–2004 0.903 0.802–1.017 0.093 – – –

2005–2009 0.994 0.869–1.137 0.928 – – –

Race

White 1.000 – – 1.000 – –

Black 1.323 1.110–1.575 0.002 1.181 0.984–1.417 0.073

Asian 0.637 0.472–0.859 0.003 0.661 0.490–0.893 0.007

Other 0.787 0.615–1.006 0.056 0.784 0.610–1.007 0.057

Marital status

Single + separated 1.000 – – 1.000 – –

Married 0.607 0.518–0.712 <0.001 0.681 0.578–0.801 <0.001

Divorced + widowed 0.937 0.800–1.098 0.421 0.830 0.707–0.976 0.024

Other 0.811 0.603–1.091 0.167 0.832 0.614–1.126 0.234

Level of education

1st quartile 1.000 – – – – –

2nd quartile 0.951 0.834–1.084 0.451 – – –

3rd quartile 1.090 0.960–1.237 0.184 – – –

4th quartile 1.027 0.903–1.169 0.684 – – –

Median household income

1st quartile 1.000 – – 1.000 – –

2nd quartile 0.936 0.827–1.060 0.3.00 0.923 0.814–1.048 0.215

Table 3 (continued)
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Table 3 (continued)

Clinicopathologic characteristics
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

3rd quartile 0.910 0.802–1.032 0.141 0.903 0.793–1.028 0.124

4th quartile 0.864 0.759–0.982 0.026 0.858 0.751–0.980 0.024

Histologic type

Adenocarcinoma 1.000 – – 1.000 – –

Mucinous carcinoma 1.132 0.921–1.392 0.238 1.105 0.889–1.373 0.367

Signet–ring cell carcinoma 1.311 1.009–1.703 0.042 1.188 0.912–1.549 0.202

Unknown 1.872 0.778–4.502 0.162 1.509 0.562–4.052 0.414

Histologic grade

Well 1.000 – – 1.000 – –

Moderate 1.128 0.934–1.361 0.211 1.280 1.056–1.552 0.012

Poor 1.322 1.060–1.648 0.013 1.436 1.146–1.798 0.002

Undifferentiated 0.591 0.218–1.602 0.301 0.538 0.170–1.697 0.290

Unknown 1.152 0.805–1.650 0.440 1.028 0.715–1.480 0.880

pT category

pT1 1.000 – – 1.000 – –

pT2 1.268 1.059–1.518 0.01 1.310 1.091–1.573 0.004

pT3 2.019 1.706–2.390 <0.001 2.055 1.725–2.448 <0.001

HCC risk score

1st quartile 1.000 1.000 – –

2nd quartile 0.767 0.670–0.877 <0.001 1.108 0.964–1.275 0.150

3rd quartile 0.784 0.688–0.894 <0.001 1.182 1.031–1.355 0.016

4th quartile 1.375 1.219–1.550 <0.001 1.854 1.636–2.100 <0.001

Intestinal obstruction

No 1.000 – – 1.000

Yes 1.438 1.261–1.640 <0.001 1.251 1.094–1.432 0.001

Number of examined lymph node

<12 1.000 1.000 – –

≥12 0.795 0.724–0.874 <0.001 0.766 0.696–0.844 <0.001

Chemotherapy

No-chemotherapy 1.000 – – 1.000 – –

5-FU 0.477 0.425–0.535 <0.001 0.670 0.580–0.775 <0.001

FOLFOX 0.412 0.238–0.711 0.001 0.601 0.347–1.042 0.070

Radiotherapy

No 1.000 – – 1.000 – –

Yes 0.591 0.524–0.666 <0.001 0.940 0.811–1.090 0.415

OS, overall survival; HCC, Hierarchical Condition Categories; HR hazard ratio; 5-FU, 5-fluorouracil; CI, confidence interval.
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The difference in OS of stage III patients between the no-
treatment and radiotherapy groups was significant (P<0.001, 
Figure 2A). However, the difference in OS between the 
5-FU and 5-FU/radiotherapy groups was not significant 
(P=0.267, Figure 2B). Also, the difference in OS between 
the FOLFOX and FOLFOX/radiotherapy groups was 
not significant (P=0.649, Figure 2C). PS matching did not 
change the significance of the differences in OS between 
the No-treatment and Radiotherapy groups (P<0.001, 
Figure 3A). The difference in OS between the 5-FU and 
5-FU/radiotherapy groups remained insignificant after PS 

matching (P=0.174, Figure 3B). The sizes of the FOLFOX 
and FOLFOX/radiotherapy groups were too small to 
generate a PS-matched cohort.

Discussion

Surgery is performed to remove the bulk of the tumor, 
but may fail to achieve a circumference completely 
clear of tumor cells. Radiotherapy accomplishes just the 
opposite by clearing the superficial surface, but not the 
bulk of the tumor (18). Hence, the rationale for combining 
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Table 4 Univariate and multivariate analyses of OS of stage III patients

Clinicopathologic characteristics
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Gender

Male 1.000 – – – – –

Female 0.967 0.895–1.044 0.389 – – –

Age at diagnosis (years)

66–71 1.000 – – 1.000 – –

72–75 1.233 1.090–1.394 0.001 1.170 1.030–1.330 0.016

76–81 1.621 1.450–1.814 <0.001 1.418 1.259–1.597 <0.001

>81 2.430 2.176–2.713 <0.001 1.861 1.635–2.117 <0.001

Residence location

Big metro 1.000 – – – – –

Metro or urban 1.010 0.928–1.100 0.816 – – –

Less urban or rural 1.076 0.954–1.214 0.232 – – –

Year at diagnosis

1992–1996 1.000 – – 1.000 – –

1997–2000 0.867 0.775–0.970 0.012 0.911 0.812–1.021 0.110

2001–2004 0.867 0.784–0.959 0.005 0.904 0.812–1.006 0.064

2005–2009 0.849 0.759–0.949 0.004 0.827 0.731–0.936 0.003

Race

White 1.000 – – 1.000 – –

Black 1.202 1.037–1.394 0.015 1.070 0.912–1.256 0.406

Asian 0.938 0.761–1.155 0.545 0.824 0.666–1.020 0.075

Other 0.914 0.748–1.115 0.375 0.894 0.728–1.098 0.285

Marital status

Single + separated 1.000 – – 1.000 – –

Married 0.727 0.632–0.837 <0.001 0.900 0.777–1.042 0.158

Divorced + widowed 1.001 0.867–1.154 0.994 0.973 0.839–1.129 0.719

Other 1.039 0.809–1.334 0.765 1.052 0.815–1.358 0.698

Level of education

1st quartile 1.000 – – 1.000 – –

2nd quartile 1.053 0.943–1.177 0.359 0.995 0.884–1.120 0.931

3rd quartile 1.109 0.994–1.238 0.063 1.072 0.946–1.215 0.277

4th quartile 1.249 1.122–1.392 <0.001 1.091 0.955–1.246 0.201

Median household income

1st quartile 1.000 – – 1.000 – –

2nd quartile 0.923 0.831–1.026 0.136 0.943 0.844–1.053 0.295

3rd quartile 0.830 0.746–0.924 0.001 0.912 0.809–1.027 0.129

4th quartile 0.774 0.694–0.863 <0.001 0.867 0.756–0.994 0.040

Histologic type

Adenocarcinoma 1.000 – – 1.000 – –

Mucinous carcinoma 1.176 1.004–1.376 0.044 1.103 0.938–1.298 0.237

Table 4 (continued)
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Table 4 (continued)

Clinicopathologic characteristics
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Signet-ring cell carcinoma 1.452 1.152–1.830 0.002 1.277 1.012–1.613 0.040

Unknown 1.951 1.384–2.752 <0.001 1.352 0.951–1.923 0.093

Histologic grade

Well 1.000 – – 1.000 – –

Moderate 1.068 0.881–1.295 0.503 0.930 0.764–1.132 0.470

Poor 1.52 1.242–1.859 <0.001 1.261 1.024–1.551 0.029

Undifferentiated 1.877 1.240–2.843 0.003 1.415 0.929–2.154 0.106

Unknown 0.990 0.712–1.377 0.952 0.721 0.510–1.018 0.063

pT category

pT1 1.000 – – 1.000 – –

pT2 1.547 1.183–2.022 0.001 1.374 1.049–1.799 0.021

pT3 2.465 1.925–3.157 <0.001 1.886 1.469–2.423 <0.001

pT4a 2.870 2.158–3.818 <0.001 1.892 1.415–2.530 <0.001

pT4b 5.426 4.088–7.202 <0.001 4.048 3.029–5.409 <0.001

pN category

pN1a 1.000 – – 1.000 – –

pN1b 1.210 1.093–1.339 <0.001 1.213 1.094–1.345 <0.001

pN2a 1.654 1.483–1.845 <0.001 1.587 1.417–1.776 <0.001

pN2b 2.258 2.017–2.528 <0.001 2.065 1.832–2.327 <0.001

HCC risk score

1st quartile 1.000 – – 1.000 – –

2nd quartile 0.824 0.735–0.924 0.001 1.099 0.974–1.240 0.124

3rd quartile 0.859 0.769–0.960 0.007 1.218 1.082–1.371 0.001

4th quartile 1.315 1.183–1.461 <0.001 1.686 1.508–1.884 <0.001

Intestinal obstruction

No 1.000 – – 1.000 – –

Yes 1.460 1.294–1.648 <0.001 1.234 1.088–1.399 0.001

Number of examined lymph node

<12 1.000 – – – – –

≥12 0.959 0.888–1.036 0.288 – – –

Chemotherapy

No-chemotherapy 1.000 – – 1.000 – –

5-FU 0.461 0.426–0.499 <0.001 0.550 0.501–0.603 <0.001

FOLFOX 0.314 0.251–0.393 <0.001 0.395 0.310–0.504 <0.001

Radiotherapy

No 1.000 – – 1.000 – –

Yes 0.651 0.598–0.707 <0.001 0.870 0.791–0.956 0.004

OS, overall survival; HCC, Hierarchical Condition Categories; HR hazard ratio; 5-FU, 5-fluorouracil; CI, confidence interval.
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radiotherapy with surgery for treatment of primary 
and recurrent rectal cancer is to remove the tumor and 
kill micrometastases at the periphery. Previous studies 
suggested that preoperative radiotherapy was more effective 
than postoperative radiotherapy. The CAO/ARO/AIO-
94 trial, a large prospective, randomized trial conducted 
by the German Rectal Cancer Study Group, compared 
preoperative versus postoperative radiotherapy for clinical 
stage II/III rectal cancer (19) and found that preoperative 

therapy was associated with significant reductions in local 
recurrence and treatment-associated toxicity, which can be 
explained by better tumor oxygenation during preoperative, 
as compared with postoperative, treatment.

Not all patients received radiotherapy before surgery, 
while the evidence for postoperative radiotherapy combined 
with radical surgery for locally advanced rectal cancer is not 
strong. A 1997 phase III trial conducted by the European 
Organization for Research and Treatment of Cancer failed 
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Figure 2 Kaplan-Meier estimates of OS in non-PS-matched patient cohorts with stage III disease who received different postoperative 
treatments. (A) OS rate of non-PS-matched patient cohorts with no-treatment or radiotherapy; (B) OS rate of non-PS-matched patient 
cohorts treated with 5-FU or 5-FU/radiotherapy; (C) OS rate of non-PS-matched patient cohorts treated with FOLFOX or FOLFOX/
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Figure 3 Kaplan-Meier estimates of OS in PS-matched patient cohorts with stage III disease and different postoperative treatment. (A) OS 
rate of patients with No-treatment or radiotherapy; (B) OS rate of patients treated with 5-FU or 5-FU/radiotherapy. OS, overall survival; 
PS, propensity score; 5-FU, 5-fluorouracil.
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to demonstrate that postoperative radiotherapy improved 
OS or local control after resection of locally advanced rectal 
cancer (20). However, a recent analysis of SEER data on the 
effect of radiotherapy in 4,724 patients with T3N0 rectal 
cancer found that postoperative radiation was associated 
with a significant decrease in the risk of cancer-related 
death, as compared with surgery alone, while preoperative 
radiation was not (7). Some studies have suggested that 
postoperative radiotherapy might not be necessary in 
selected patients, such as those with stage II rectal cancer, 
which has better oncologic outcomes after surgery than 
advanced stage disease (21-23). If postoperative radiotherapy 
is overtreatment, the associated side-effects cannot be 
ignored. Komori et al. reported multiple complications, 
including gut inflammation and edema, after postoperative 
irradiation for locally advanced stage III rectal carcinoma. 
Late-onset complications were frequent, difficult to resolve, 
and seriously impaired patient quality of life (9).

The aim of the present study was to determine whether 
postoperative radiotherapy provided a survival benefit 
to patients with locally advanced rectal cancer who did 
not receive preoperative chemoradiotherapy. Because the 
curative effect of radiotherapy may differ with disease stage, 
stage II and stage III patients were evaluated separately. 
The addition of postoperative radiation was not associated 
with a significant improvement of OS among stage II 
patients. In stage III patients, postoperative radiotherapy 
did significantly improve OS, as compared with the no 
treatment group. However, there were no significant 
differences in OS in the patient groups receiving FOLFOX 
or 5-FU chemotherapy versus those who received no 
postoperative radiotherapy. Although chemotherapy was 
recommended for all stage III patients, some could not 
complete the chemotherapy course because of anaphylaxis 
or severe complications. According to the results of 
this study, these patients should receive postoperative 
radiotherapy.

After that, we found patients who received radiotherapy 
in stage II and stage III hold diverse benefits. A few reports 
demonstrated stage II and stage III rectal cancer patients 
who received radiotherapy gained different benefits of 
adjuvant therapy, especially the adjuvant radiotherapy. 
Recent studies showed both neoadjuvant radiotherapy and 
adjuvant radiotherapy improved survival outcomes of stage 
III rectal cancer patients while had little effect on stage II 
cases (23-25). Consequently, these differences indicated that 
stage influenced the survival outcomes of patients who were 
suffered from advanced rectal cancer, while more advanced 

cases, especially in stage III, experiencing a greater survival 
benefit after received radiotherapy (26).

Meanwhile, we find several reports demonstrated 
chemoradiotherapy prefer to have higher benefits in 
improving local control rather than OS. A recent study 
found that rectal cancer patients received radiotherapy 
had an improved local control, however, that was not 
significantly in improving OS (27). Additionally, patients 
with postoperative radiotherapy were observed to have 
reduced local recurrence rate in rectal cancer (28,29). 
Due to the limitation of SEER-Medicare database that 
the information on the prevalence of recurrence during 
the follow-up period was not well supported, our analysis 
focused on patients’ OS. In view of the results of the 
aforesaid studies, we believed that patients with rectal cancer 
could benefit from postoperative radiotherapy by reducing 
local recurrence. Even though we didn’t find the benefit of 
postoperative radiotherapy on OS in stage III patients with 
postoperative chemotherapy and stage II patients, there was 
no reason to deny the effect of postoperative radiotherapy 
in improving the patients’ local control.

Analysis  of the SEER-Medicare data had some 
limitations. First, although both PS matching and Cox 
proportional hazards models were used to eliminate known 
confounders, the effect of patient selection could not be 
completely eliminated because of the retrospective design 
of this exploratory study. Hence, these findings should 
be verified in a prospective study. Second, although the 
SEER-Medicare database is a powerful resource to identify 
overall trends and interesting patterns in a large patient 
sample, it is limited by the scope of available information 
because the database lacks some data important for risk 
stratification, such as radiotherapy dose and fractionation, 
perineural and lymphovascular invasion, distance from the 
anal verge, circumferential margin status, carcinoembryonic 
antigen level. Patients with perineural and lymphovascular 
invasion were demonstrated to be a more aggressive 
phenotype, suggesting that they may be benefit from 
adjuvant therapy (30). A recent study reported that only 
recommending patients with tumors in the lower rectum to 
receive radiotherapy but omitting those with tumors in the 
mid and upper rectum was inadvisable (31). Meanwhile, a 
study demonstrated that the effect of radiotherapy became 
stronger as the distance from the anal verge increased (32). 
Therefore, upper and mid rectal cancer may also have better 
postoperative receiving radiotherapy. Also, the involvement 
of positive circumferential resection margin was reported 
to influence the effect of radiotherapy on rectal cancer (33). 
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Certainly, it is important to add these unavailable variables 
in the PS matching and Cox proportional hazards models in 
future research.

Conclusions

The evidence obtained in this study does not support 
postoperative radiotherapy for stage II rectal cancer or stage 
III patients who received postoperative chemotherapy. The use 
of postoperative radiotherapy for stage III patients who did not 
receive postoperative chemotherapy could increase OS.
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