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Preoperative radiation therapy has been regarded as the optional neoadjuvant treatment to decrease local recurrence of 
rectal cancer in addition to surgery. However, its benefit in survival remained obscure. This study was aimed to measure the 
efficacy of preoperative radiation therapy for survival in stage II and III rectal cancer patients. Retrospective cohort study 
used the database of Surveillance, Epidemiology and End Results program of the National Cancer Institute in the United 
States from 1988 to 2011. A total of 49,439 patients diagnosed with primary rectal cancer who underwent surgery were 
included. Clinicopathological characteristics and rectal cancer-specific survival between surgery alone group and surgery 
plus preoperative radiation therapy group were compared. Rectal cancer patients in surgery plus preoperative radiation 
therapy group had significantly better survival than those in surgery alone group (72.70% vs. 66.61%, p<0.001), as well as 
stratified by stages (stage II: 77.4% vs. 74.3%, p<0.001; stage III: 68.3% vs. 58.6%, p<0.001). However, this beneficial impact 
was only observed after 2000s (p<0.001). Multivariate survival analysis revealed that preoperative radiation therapy was an 
independent predictor for better survival in stage III (hazard ratio, 0.795; 95% CI, 0.753-0.840; p<0.001), but not in stage II 
(p=0.70). Preoperative radiation therapy might bring a better survival in stage II and III rectal cancer patients, but only as 
an independent predictor for stage III patients. As time progressed, preoperative radiation therapy might yield more profit 
for stage II and III rectal cancer patients. 
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Colorectal cancer remains the third most commonly 
diagnosed cancer and the second leading cause of cancer 
related death in the United States, leading to a huge medical 
investment as a health burden. Just in 2016, an estimated 
49,190 patients died from colorectal cancer. During the same 
year, about 39,220 new cases of rectal cancer (RC) occurred 
in the United States (58.9% were male) [1, 2]. Different from 
colon cancer, the close proximity of the rectum to pelvic 
structures and organs, the absence of a serosa surrounding 
the lower rectum and the technical difficulties associated 
with obtaining sufficient surgical margins led to higher rate 
local recurrence of RC. Reports showed that 15–35% stage 
II and III patients would develop local recurrence after 
radical surgery. Even after the application of total mesorectal 
excision (TME), the local recurrence still remained as high 
as 5–10% [3]. Therefore, attempts to application of neoadju-

vant therapy for stage II (T3–4, node-negative disease with 
tumor penetration through the muscle wall) or stage III 
(node-positive disease without distant metastasis) have been 
made to reduce local recurrence related death and improve 
prognosis of RC patients.

Preoperative radiation therapy (PRT) has been regarded as 
the revolutionary neoadjuvant treatment to decrease the rate 
of local recurrence of RC compared with surgery alone even 
after TME, and might be associated with the rapidly reducing 
perioperative mortality in recent years [4]. Thus PRT has been 
recommended in the NCCN guideline for locally advanced 
RC patients [1]. Nonetheless, the benefit of PRT in survival 
did not seem to meet the expectations [4], although the use 
of pelvic PRT in the treatment of patients with stage II/III RC 
continued to evolve. Addition of chemotherapy concurrent 
with PRT was demonstrated to bring possible benefit to local 
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PRT sensitization, reduction of local recurrence and increase 
of pathologic complete response rate [5]. However, preopera-
tive concurrent chemoradiotherapy not only did not benefit 
disease free or survival in resectable stage II and III RC as 
well, but also increased acute grade 3/4 treatment related 
toxicity [4, 6–10]. Inclusion of combined RC patients with 
stage II and III in various studies and the likely biases associ-
ated with single-institution experiences or limit cohort sizes 
might contributed to the disappointing results measuring 
survival of PRT. Whether PRT has the beneficial effect for 
survival in both stage II or III RC is worth exploration.

In this study, we analyzed the clinicopathological charac-
teristics of stage II and III RC patients who underwent 
surgery and measured the actual efficacy of PRT in time 
course. Meanwhile, we established the prognostic factors 
related to the survival of stage II and III RC patients to test 
the possible efficacy of PRT.

Patients and methods

SEER database. All RC patients at stage II and III who 
underwent surgery from SEER 18 Registries database (1988 
to 2011) were included. The SEER 18 Registries database 
collected patients’ information of cancer incidence and 
survival representing approximately 30% of the United States 
population (http://seer.cancer.gov/about/overview.html). 
The information covered the records including demographics 
(age at diagnosis and gender), year of diagnosis, tumor 
characteristics (numbers, TNM stage, histological type, 
tumor grade) and treatments (surgery and receipt of PRT). 

The version of SEER database used in this study was released 
in April 2014 (November 2013 submission).

Ethics statements. Data from SEER contained no identi-
fiers and were publicly available. Permission was gained 
to access the research data files with the reference number 
10058-Nov2013. Since it was a retrospective research and it 
required no interaction with human subjects or use of any 
personal identifying information, the informed consent was 
not needed. But the analysis was approved by the institu-
tional review board of West China Hospital in China.

Patients selection. Patients with primary RC (C20.9) 
based on the International Classification of Diseases for 
Oncology (third edition, ICD-O-3) coding schema were 
included in this study. Data from eligible patients were strati-
fied by whether they had PRT: S group (patients only received 
surgery) and S+PRT group (patients received PRT followed 
by surgery).

Data analysis. Tumor histological types were identified 
as mucinous cancer including signet-ring cell cancer (MC: 
8480, 8481, 8490) and non-mucinous cancer (NMC: 8010, 
8140–8141, 8144–8145, 8210–8211, 8220–8221, 8230–8231, 
8260–8263). Histological grades were classified as well differ-
entiated (G1), moderately differentiated (G2), poorly differ-
entiated (G3), and undifferentiated ones (G4). TNM classi-
fication was restaged according to the criteria described in 
the American Joint Committee on Cancer (AJCC) Cancer 
Staging Manual, 7th edition, 2010. The 5-year rectal cancer- 
specific survival (RC-SS) rates and RC-SS time were measured 
from the time of diagnosis to the date of rectal cancer-specific 
death or the end of follow-up (cutoff date: December 2011). 
Patients were excluded if they had in situ or incomplete infor-
mation. Clinicopathological characteristics and survival 
outcome were compared between S group and S+PRT group.

Statistical analysis. Independent t-test and Chi-square 
test were used to compare clinicopathological characteristics. 
Continuous data was exhibited as mean ± standard devia-
tion. Kaplan-Meier estimates were used to generate survival 
curves. Differences between the curves were analyzed using 
log-rank test. Multivariate Cox proportional hazard regres-
sion models were built and applied for the analysis of each 
variable on survival. The data was presented with HR and 
95% CI. All statistical tests were performed 2-sided. A p-value 
<0.05 was considered to be statistically significant. Statistical 
analyses were performed using R software system for statis-
tical computing (version 3.1.2, http://www.r-project.org/).

Results

Demographic and clinical characteristics of patients 
with or without preoperative radiation therapy. A total 
of 49,439 eligible patients diagnosed with primary RC who 
underwent surgery from 1988 to 2011 in SEER database were 
analyzed. The basic characteristics of S group and S+PRT 
group are shown in Table 1. Only 35.7% patients received 
PRT. Higher percentages of male (p<0.001) and patients with 

Table 1. Clinicopathological characteristics of rectal cancer patients.
Characteristic S n (%) S+PRT n (%) p-value
Total number 31 796 (64.3) 17 643 (35.7)
Gender *

Male 17 079 (53.7) 11 016 (62.4)
<0.001

Female 14 717 (46.3) 6 627 (37.6)
Age (years mean ±SD) # 69.78 ± 15.02 60.35 ± 12.74 <0.001
Tumor numbers *

Single 21 993 (69.2) 14 401 (81.6)
<0.001

Multiple 9 803 (30.8) 3 242 (18.4)
TNM stage *

II 16 224 (51.0) 8 523 (48.3)
<0.001

III 15 572 (49.0) 9 120 (51.7)
Histological Type *

Mucinous 2 620 (8.4) 1 886 (10.8)
<0.001

Non-mucinous 28 737 (91.6) 15 557 (89.2)
Missing 439 200

Grade *
Well 2 097 (6.8) 1 085 (6.9)

0.09Moderately 23 190 (75.6) 11 786 (74.7)
Poorly+undifferentiated 5 418 (17.6) 2 912 (18.5)
Missing 1 091 1 860

Note: *Chi-square test; # Independent t-test.
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younger age (p<0.001) were in S+PRT group compared with 
S group. Patients with only single source of tumor (p<0.001), 
diagnosed in stage III (p<0.001) and with mucinous (p<0.001) 
were more frequent in S+PRT group than in S group.

Efficacy of preoperative radiation therapy in stage II 
and III patients. The better 5-year RC-SS rate was presented 
in S+PRT group compared with S group (72.70% vs. 66.61%, 
p<0.001, Figure 1). Further RC-SS analyses were stratified by 
each stage. After applied the PRT, patients with both stage 
II (77.4% vs. 74.3%, p<0.001, Figure 2) and III (68.3% vs. 
58.6%, p<0.001, Figure 3) exhibited a more desirable 5-year 
RC-SS than those who underwent only surgery.

Efficacy of preoperative radiation therapy in Time 
Course. Due to the low frequency, PRT has been rarely 
studied in time course. Since 2000s a wide variety of improve-
ments with respect of diagnosis and treatments etc. in RC 
has happened, therefore the RC-SS was tested accordingly. 
We divided the data into two time phases: 1) from 1988 to 
1999; 2) from 2000 to 2011, based on the time point (since 
2000s) for the widely spread of revolutionary operational 
strategy change according to TME. After 2000s, the RC-SS 
was significantly better when compared with the period of 
1988–1999 (p<0.001, Supplementary Figure S1A). Whether 
in patients with only surgery or in patients with combination 
of surgery and PRT, patients treated after 2000s at both, stage 
II and III, were presented with preferable survival outcome 
(p<0.001, Supplementary Figure S1B and 1C). The time 
course (1988–1999 vs. 2000–2011) was also an independent 
prognostic factor for survival of RC at either stage II or III 
(p<0.001, Table 2).

Figure 1. Comparison of RC-SS of RC patients between S and S+PRT 
group.

Figure 2. Comparison of RC-SS in stage II RC patients between S and 
S+PRT group.

Figure 3. Comparison of RC-SS in stage III RC patients between S and 
S+PRT group.

Table 2. Multivariate survival analysis of prognostic factors in stage II 
and III rectal cancer patients.

Variable HR (95%CI) p-value
II stage

Surgery+ PRT (yes vs. no) 0.987 (0.925–1.054) 0.70
Gender (male vs. female) 1.033 (0.974–1.096) 0.28
Age (≥ 70 vs < 70) 1.864 (1.754–1.980) <0.001
Tumor numbers (multiple vs. single) 0.659 (0.604–0.720) <0.001
Histological type (MC vs. NMC) 1.384 (1.254–1.528) <0.001
Grade (poorly+ undifferentiated 
vs. well + moderately) 1.339 (1.237–1.450) <0.001

Time course (1988–1999 vs. 2000–2011) 1.314 (1.105–1.501) <0.001
III stage

Surgery+ PRT (yes vs. no) 0.795 (0.753–0.840) <0.001
Gender (male vs. female) 1.098 (1.045–1.153) <0.001
Age (≥70 vs <70) 1.797 (1.710–1.889) <0.001
Tumor numbers (multiple vs. single) 0.641 (0.591–0.695) <0.001
Histological type (MC vs. NMC) 1.427 (1.326–1.537) <0.001
Grade (poorly + undifferentiated 
vs. well + moderately) 1.548 (1.467–1.634) <0.001

Time course (1988–1999 vs. 2000–2011) 1.153 (1.087–1.325) <0.001

Note: PRT= preoperative radiotherapy; MC = mucinous cancer; NMC = 
non-mucinous cancer. 
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with younger age might present with more tumors located 
in rectum, fewer cases with multiple tumors, later stage, 
more mucinous carcinoma and lymph nodes examined [14, 
16]. With those clinical features as well as less comorbidi-
ties, higher extensive lymphadenectomy rates, lower risk of 
postoperative complications and better toleration of PRT 
related toxicity, doctors might prefer to apply comprehen-
sive treatment including PRT to young RC patients. With 
barely none reports previously, our research revealed that 
less than one-third (24.85%, 3,242/13,054) of patients with 
multiple tumors were subjected to PRT. The reason remained 
obscure. This was probably because higher incidences of 
second primary cancers might develop after PRT, let alone 
those patients with original multiple tumors in the beginning 
[17], as well as more acute and late side effects of PRT for 
multiple tumors. Besides the undisputed importance of acute 
toxicity, long-term follow-up data from the Dutch trial [12] 
or Swedish cohorts [18] exhibited a higher rate of fecal and 
urinary incontinence even after short course radiotherapy 
compared to surgery alone, thus impairing quality of life. The 
distribution of patients into PRT group in this research might 
be a display of the goal to optimize disease-free survival while 
minimizing the risk of local recurrence and toxicity with the 
PRT theoretically.

Nevertheless, the efficacy of PRT in RC survival was not yet 
certain. Reports have confirmed that PRT was superior over 
surgery alone in local control. A meta-analysis containing 
nineteen trials comparing PRT versus surgery alone for 
the management of localized rectal carcinoma showed that 
optimal PRT could improve local recurrences [19]. Sensi-
tivity analyses suggested greater benefits in patients treated 
with biologic effective dose (BED) >30 Gy (10) than a BED 
of ≤30 Gy (10) and multiple field RT techniques, indepen-
dent of the schedule of fractionation used [20]. However, this 
meta-analysis did not mention its impact on survival. Several 
European studies have investigated the efficacy of a shorter 
course PRT (25 Gy over 5 days), not combined with chemo-
therapy, for the treatment of RC. A 12-year follow-up of multi-
center, randomized controlled TME trial in Dutch revealed 
that preoperative short-term radiotherapy reduced 10-year 
local recurrence by more than 50% relative to surgery alone 
without a survival benefit [21]. Similar results were presented 
in a number of other studies which inquired into the effec-
tiveness of short-course PRT in patients with RC staged T1–3 
and demonstrated that survival was not significantly affected 
despite improvements in local control of disease [22–24]. On 
the contrary, in a Swedish RC trial, the five-year survival rate 
was 58% in the radiotherapy-plus-surgery group and 48% in 
the surgery-alone group (p=0.004) [25]. The confusing results 
of survival might be attributed to relatively small sample 
size, inclusion of diverse TMN stage, etc. To address this 
problem, our study was by far the first analysis including only 
stage II and III eligible RC patients and largest cohort size 
to date. Therefore, it might offer a relatively more convincing 
evidence. Our study exhibited that the 5 year RC-SS was more 

Further analysis into the time course was quite intriguing. 
In the period of 1988–1999, PRT did not showed significant 
advantage over but otherwise inferior to therapy with only 
surgery (p=0.02, Supplementary Figure S2A). The inferiority 
of PRT was more obvious in patients with stage II (p<0.001, 
Supplementary Figure S2B). On the contrary, since 2000s, 
PRT demonstrated a significant benefit in survival of RC 
either in stage II or III (p<0.001, Supplementary Figure S3).

Prognostic implications of preoperative radiation 
therapy in stage II and III rectal cancer patients. Multi-
variate survival analysis of prognostic factors for RC patients 
at stage II and III using Cox model is shown in Table 2. From 
this analysis, age (≥70), histological type of mucinous cancer, 
poorly differentiation and single source of tumor worsened 
the survival in both stage II and III RC patients (p<0.001). 
However, PRT and gender of female as the independent 
predictors for better prognosis were only observed in stage 
III patients other than stage II. It suggested that stage III 
patients benefited from PRT [hazard ratio (HR), 0.795; 95% 
confidence interval (CI), 0.753–0.840; p<0.001], while PRT 
in stage II patients remained consideration (p=0.70).

Discussion

At the end of the 1980s and during the 1990s, evidences 
were growing that an addition of PRT to exclusive surgical 
treatment of RC could improve patients’ prognosis, there-
fore, as a mainstay of treatment alongside surgery. In consid-
eration of reducing local recurrences for the majority of 
patients with stage II or stage III RC, PRT was recommended 
in the guidelines in addition to curative intent surgery. But it 
was also found associated with increased toxicity (e.g. radia-
tion-induced injury, hematologic toxicities) and barely satis-
factory benefit for survival in partial RC patients [4, 11, 12]. 
In view of this situation, the prognostic implications of PRT 
in stage II and stage III RC patients needed deeper explo-
ration. To avoid the biases associated with single-institution 
experiences or limit sample sizes, in this population-based 
study we analyzed 49,439 RC patients with stage II and III 
from the national data of SEER program between 1988 and 
2011. Only 35.7% patients were subjected to PRT. This result 
was similar to a previous literature which identified 35.5% 
patients treated with PRT from 1998 to 2007 in the SEER 
tumor registry identifying 22,136 stage II/III RC patients 
undergoing surgery [13]. Although a significant increase in 
the use of PRT occurred from 17% in 1998, PRT for stage II 
and III RC patients was still not delivered on a routine basis.

Among our analyzed population, patients with charac-
teristics including male, stage III, and mucinous carcinoma 
were more frequent to undertake PRT in accordance with 
previous researches [13]. This was probably because those 
features were well-recognized undesirable factors for higher 
recurrence and metastasis in RC leading to a worse survival, 
therefore, needed more aggressive preoperative neoadjuvant 
therapy [14, 15]. Meanwhile, reports showed that patients 
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desirable after applying PRT than surgery alone in stage II 
and III patients, reinforcing the necessary for application of 
PRT in guidelines, especially in high risk population.

Interestingly, in further multivariate survival analysis of 
prognostic factors stratified by tumor stages, which were 
rarely reported in previous studies, we found that except for 
old age, histological type of mucinous cancer, poor differ-
entiation and single source of tumor served as independent 
predictors for worse survival in both stage II and III RC 
patients, in accordance with other analyses from SEER (1988–
2011) and SEER (1973–2011) [15, 26]. PRT as an indepen-
dent predictor for better prognosis was only observed in 
stage III other than stage II, which was rarely reported before. 
It suggested that PRT might benefit prominently in stage III 
RC patients. The advantage of PRT in stage III was also seen 
in the TME trial. For stage III RC patients with a negative 
circumferential resection margin, 10-year survival was 50% 
in the short-term PRT group versus 40% in the surgery-alone 
group (p=0.03) [21]. The reason for this distinct of PRT in 
stage II and III was unknown. A combined analysis of SEER 
and data from Fudan University Shanghai Cancer Center 
indicated that increased number of negative lymph nodes 
(NLN) was associated with improved cancer specific survival 
in pathological IIIB and IIIC RC treated with PRT [27, 28], 
suggesting that PRT might significantly improve NLN status 
for a better survival of less distance lymph node metastasis in 
stage III RC patients [29, 30].

On the other hand, the relative inferiority of PRT in stage 
II RC patients was also discovered in another multivariate 
analysis from SEER database (1998–2008). It showed that 
PRT was not significantly associated with improved cancer 
survival in T3N0 (IIA) RC patients (HR=0.863; 95% CI, 
0.715–1.043; p=0.13) [31]. Some researchers thought that 
these stage II RC patients with no lymph node invasion and 
lower risk of local recurrence (clear margins and favorable 
prognosis features) might be adequately treated with surgery 
and adjuvant chemotherapy. But many patients were under-
staged by preoperative clinical imaging and subsequently 
proved to have positive lymph nodes in the surgical speci-
mens. PRT was still considered valuable. Worth mentioning 
was that PRT impact was not always suboptimal. After 2000s, 
PRT demonstrated a significant benefit in the survival of 
stage II RC when compared with data from 1988–1999. The 
credit for this improvement might go to the widespread, 
rapid adoption of PRT for locally advanced RC and related 
progress in radiation dosage, schedule, interval to surgery 
and combined with or without chemotherapy [32].

Because the AJCC stage was not available in the database 
until 1988, we did not include RC patients between 1973 and 
1988 into this study. Although SEER data was considered as 
a cancer registry data meeting international standard with 
good quality and completeness, a few important limitations of 
the current study deserve a notice. Firstly, SEER registry did 
not record the detailed information concerning the dose or 
duration of chemotherapy, but also the actual dose or cycles of 

radiation received by each patient. Therefore, we were unable 
to take differences of PRT and chemotherapy practice into 
account over the study period. Secondly, in clinical scenario 
of emergency, certain patients with bowel obstruction, intes-
tinal perforation, ischemic necrosis or severe infection etc., 
might undergo an emergency surgery and miss the precious 
opportunity of PRT, thereby comprising a large share in 
solo-surgery group. Furthermore, the data did not contain 
several records like lymphatic/vascular invasion, quality of 
surgery and local/distant recurrence status. Unfortunately, 
these prognostic factors of stage II and III RC patients could 
not be analyzed in our study. Although cancer recurrences 
were not available in present study, RC-SS was a reasonable 
surrogate of RC-specific outcome. Despite these, the results 
of the current research might provide some information for 
future studies of PRT in stage II and III RC patients. In order 
to obtain a more definitive conclusion, further larger multi-
center randomized controlled trial should be carried out.

Taken together, the evidences from this study reflected 
that the implement rate of PRT was only 35.7% in stage II and 
III RC patients from database of SEER during 1988–2011. 
More patients with the clinicopathological characteris-
tics of male, younger age, single source of tumor, stage III 
and mucinous rectal cancer undertook PRT. PRT might 
bring a better survival in stage II and III RC patients, but 
only as an independent predictor for stage III patients. As 
time progressed, PRT might yield more profit for stage II 
RC patients. But further studies are still needed to provide 
additional insight into the selected criterion instead of gener-
alized indications for RC patients at stage II and III to receive 
optimized PRT.

Supplementary information is available in the online version 
of the paper.
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