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Abstract. In the neoadjuvant treatment of locally advanced 
rectal adenocarcinoma, long- and short-course radiotherapy 
are considered to be of equivalent efficacy based upon several 
randomized trials. The present study assessed the effect of 
radiotherapy dose on overall survival. Using the National 
Cancer Database (2006-2013) 458 individuals with clinical 
stage II/III rectal adenocarcinoma treated were identified, with 
either short- (25 Gy) or long- (45 or 50.4 Gy) course neoadjuvant 
radiotherapy followed by surgery, without neoadjuvant or adju-
vant chemotherapy. Multivariate COX regression was employed 
to evaluate differences in overall survival according to radio-
therapy regimen. An association with improved overall survival 
in individuals treated with long- compared with short-course 
radiotherapy was demonstrated (HR=0.50, 0.34-0.73). The 
30- and 90-day post-surgery mortality rates were higher in the 
short-course group when compared with the long-course group 
(12.2 vs. 2.4%; and 18.5 vs. 5.4%, respectively). Following 
the exclusion of patients that succumbed within 90-days 
post-surgery, overall survival advantage in the long-course 
group compared with the short-course group was maintained 
[hazard ratio (HR)=0.62, 0.39-0.99], with a median overall 
survival of 25.3 months (IQR 16.9-41.6) for the short-course 
group compared with 43.5 months (IQR 25.6-67.9) for the 
long-course group. To the best of our knowledge, the present 
results suggest for the first time that long‑course radiotherapy 
is associated with an improved overall survival compared 
with short-course radiotherapy in locally advanced rectal 

adenocarcinoma in the absence of chemotherapy usage. This 
possible advantage is clinically relevant mainly in patients 
who cannot tolerate systemic chemotherapy.

Introduction

Radiotherapy has been shown to improve local control for 
rectal cancer (1,2). The two commonly used pelvic radiotherapy 
regimens are either short‑course (SC) radiotherapy defined 
as 25 Gy over 5 consecutive days (3-5) or long-course (LC) 
chemoradiotherapy defined as 45‑54 Gy over 5‑6 weeks with 
concurrent antimetabolite chemotherapy (6-8). The value of 
adding concomitant chemotherapy has been evaluated only 
in the long-course radiotherapy, showing improved local 
control (9,10). Both LC chemoradiotherapy and SC radio-
therapy are acceptable options according to current NCCN 
guidelines.

Two randomized trials that compared LC chemoradio-
therapy to SC radiotherapy showed a lack of difference in 
disease-free survival (DFS) and overall survival (OS) (11,12). 
Only one randomized trial compared LC radiotherapy without 
chemotherapy to SC radiotherapy showing no difference in 
overall survival (13). However, this trial included patients with 
upper rectal tumors (ranging from 17 to 28% in the different 
trial groups) usually not treated with preoperative radiotherapy, 
and more importantly did not report clinical stage at diagnosis 
prior to randomization, making the results difficult to interpret 
or apply clinically.

In order to assess differences in efficacy between LC and 
SC radiotherapy in locally advanced rectal adenocarcinoma, 
we used a US-based nationwide oncology dataset to compare 
these two regimens without concomitant use of chemotherapy.

Materials and methods

Data source and patient population. Our cohort was derived 
from the National Cancer Database (NCDB), a hospital-based 
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cancer registry, from 2006 to 2013. The NCDB captures 
data on 70% of cancer diagnoses in the United States 
from >1,400 hospitals with cancer programs accredited by the 
American College of Surgeons' Commission on Cancer and 
American Cancer Society (14). The cohort included all indi-
viduals with clinical stage II (T3-4N0M0) or III (TanyN1-2M0) 
rectal adenocarcinoma who received neoadjuvant radiotherapy 
followed by surgery, and did not receive neoadjuvant or adju-
vant chemotherapy. The present study was approved by the 
Institutional Review Board at the University of Pennsylvania 
(Philadelphia, PA, USA).

Variables definition. The primary exposure of interest 
was radiotherapy regimen, defined as either SC (25 Gy in 
5 Gy fractions) or LC (45 or 50.4 Gy in 1.8 Gy fractions). 
Covariates included treatment intensity, age, sex, race, patient 
comorbidities score (Charlson-Deyo comorbidity condition, 
CDCC) (15,16), and tumor grade. Race and ethnicity were 
used to create a composite variable categorized as Caucasian, 
African-American or other/unknown. Tumor grade was 
defined as well-differentiated, moderately differentiated, 
poorly differentiated or undifferentiated.

Outcomes definition. The primary outcome was OS, measured 
from the time of cancer diagnosis until death of any cause or 
last follow-up.

Statistical analysis. Patients were grouped according to 
radiotherapy regimen, defined as either SC or LC. Baseline 
characteristics in each risk group were compared using 
chi-square test for categorical variables and Student's t-test for 
continuous variables. OS was measured from date of diagnosis. 
Difference in OS was compared between the groups, using 
Cox proportional hazards. The Cox model was adjusted to age, 
sex, race, CDCC and clinical stage. All statistical analyses 
were performed using Stata/IC software 13.0 (StataCorp LP, 
College Station, TX, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Results

We identified 458 individuals with stage II or III rectal 
adenocarcinoma that were treated with radiotherapy followed 
by surgery, without the use of neither neoadjuvant nor adju-
vant chemotherapy. Patients received either SC radiotherapy 
(25 Gy, N=83) or LC radiotherapy (45/50.4 Gy, N=375). Patient 
characteristics are presented in Table I. The median follow-up 
time were 21.7 months (IQR 8.3-37.2) and 41.3 months 
(IQR 23.3-66.0) for the SC and LC groups, respectively. 
Patients receiving SC were older than those receiving LC 
(74 vs. 66 years, respectively, P<0.001). All other character-
istics were not statistically different between the two groups, 
although the LC group had numerically more stage III patients 
compared to the SC group (44.8 vs. 33.7%, respectively). 
Median interval between diagnosis and surgery was 58 days 
(IQR 40-87) and 133 days (IQR 111-161) in the SC and LC 
groups, respectively.

OS according to radiotherapy dose was improved in the 
LC group compared with the SC group. The unadjusted and 
adjusted HRs for OS were 0.42 (0.29-0.61, P<0.001) and 

0.50 (0.34-0.73, P<0.001), respectively (Fig. 1). This difference 
in OS was maintained after stratifying patients according 
to clinical stage. For clinical stage II patients (n=262) the 
unadjusted and adjusted HRs for OS were 0.50 (0.30-0.82, 
P=0.007) and 0.60 (0.36-0.99, P=0.05), respectively. For 
clinical stage III patients (n=196) the unadjusted and adjusted 
HRs for overall survival were 0.30 (0.18-0.53, P<0.001) and 
0.39 (0.22-0.70, P=0.002), respectively.

Mortality rates post-surgery were higher in the SC group 
compared with the LC group. Thirty-day mortality rates for 
the SC and LC were 12.2% (n=10) and 2.4% (n=9), respec-
tively. Ninety-day mortality rates for the SC and LC were 
18.5% (n=15) and 5.4% (n=20), respectively.

After excluding 35 patients that died within 90-days of 
surgical resection, OS according to radiotherapy dose was 
improved in the LC group compared with the SC group. The 
unadjusted and adjusted HRs for OS were 0.52 (0.33-0.82, 
P=0.005) and 0.62 (0.39-0.99, P=0.05), respectively (Fig. 2). 
Median OS was 25.3 months (IQR 16.9-41.6) for the SC 
group compared to 43.5 months (IQR 25.6-67.9) for the 
LC group. For clinical stage II patients (n=241) the unadjusted 
and adjusted HRs for OS were 0.51 (0.28-0.94, P=0.03) and 
0.60 (0.33-1.10, P=0.1), respectively. For clinical stage III 
patients (n=182) the unadjusted and adjusted HRs for OS 
were 0.46 (0.23-0.95, P=0.04) and 0.63 (0.30-1.34, P=0.23), 
respectively.

Table I. Patient characteristics.

 Radiotherapy protocol
 --------------------------------------------------------------
 Short-course Long-course
Characteristics (n=83) (n=375)

Age, median (IQR) 74 (65-81) 66 (56-77)
Sex, % male (n) 54.2 (45) 58.4 (219)
Race, % (n)  
  Caucasian 89.2 (74) 85.6 (321)
  African-American   4.8   (4)   8.3   (31)
  Other   6.0   (5)   6.1   (23)
CDCC, % (n)  
  0 67.5 (56) 73.9 (277)
  1 27.7 (23) 18.4   (69)
  ≥2   4.8   (4)   7.7   (29)
Grade, % (n)  
  Well   6.0   (5) 7.5     (28)
  Moderate 59.0 (49) 60.8 (228)
  Poor 22.9 (19) 14.7   (55)
  Undifferentiated   1.2   (1)   1.3     (5)
  Other 10.8  (9) 15.7   (59)
Clinical stage, % (n)  
  II 66.3 (55) 55.2 (207)
  III 33.7 (28) 44.8 (168)

CDCC, Charlson-Deyo comorbidity condition; IQR, interquartile 
range.
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Discussion

In this study we demonstrated that LC radiotherapy is asso-
ciated with improved OS compared with SC radiotherapy in 
patients with locally advanced rectal adenocarcinoma not 
receiving systemic chemotherapy. In a further analysis we 
excluded early mortality cases, attributed to patients' poor 
performance status and comorbidities. Although these cases 
were more frequent in the SC group, possibly due to older age, 
the association between LC radiotherapy and improved OS 

was maintained, and the numerical difference in median OS 
in favor of the LC group was approximately 18 months.

Preoperative LC chemoradiotherapy was compared with 
SC radiotherapy in two previous phase III studies, a Polish 
study and a Trans-Tasman Radiation Oncology Group 
study (11,12). Both studies showed no difference in OS between 
the two groups when comparing LC radiotherapy including 
concomitant chemotherapy of daily infusional 5‑fluorouracil 
to SC radiotherapy. The association of improved OS with LC 
radiotherapy in our study may be explained by two factors. 

Figure 1. Overall survival among patients with clinical stage II/III rectal adenocarcinoma who received neoadjuvant radiotherapy followed by surgery, 
according to radiation dose.

Figure 2. Overall survival among patients with clinical stage II/III rectal adenocarcinoma who received neoadjuvant radiotherapy followed by surgery, fol-/III rectal adenocarcinoma who received neoadjuvant radiotherapy followed by surgery, fol-III rectal adenocarcinoma who received neoadjuvant radiotherapy followed by surgery, fol-
lowing exclusion of early mortality cases, according to radiation dose.
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First, in the Polish study, adjuvant chemotherapy use was more 
frequent in the SC radiotherapy vs. the LC chemoradiotherapy 
arm, 46.4 vs. 30.1%, respectively, biasing the results in favor 
of the SC arm (11). Second, even in the presence of similar 
rates of adjuvant chemotherapy, as in the Australian study (12), 
adjuvant chemotherapy by itself may mask the difference in 
favor of LC over SC radiotherapy. Of note, the biological effec-
tive dose (BED) of LC radiotherapy is significantly higher than 
that of SC radiotherapy (59.5 vs. 37.5 Gy assuming alpha-beta 
of 10 and ignoring time factors), in keeping with our findings 
demonstrating a superiority for LC over SC radiotherapy. The 
current study suggests that in patients who cannot tolerate 
systemic chemotherapy, LC should be preferred over SC 
radiotherapy.

Strengths of our study include the large size of the cohort 
used for analysis, the detailed available information for clin-
ical staging, the ability to clearly define patients who received 
preoperative radiotherapy followed by surgery, and the adjust-
ments performed for the common confounders (i.e., age, sex, 
race, comorbidities and clinical stage). All these have enabled 
the direct comparison between LC and SC radiotherapy, 
focusing on the effect of radiation dose and intensity on OS.

This study had several important limitations. First, our 
dataset also lacks cancer recurrence and cancer-specific 
survival data. However, NCDB includes OS data, which is a 
more clinically relevant parameter. Second, other confounding 
factors affecting OS cannot be ruled out. Third, since the time 
from diagnosis to surgery was shorter in the SC compared 
with the LC group, there was a small component of an 
immortal time bias. However, this difference is negligible 
(approximately 14%) compared with the difference in median 
overall survival. Fourth, details of radiation technique are 
lacking. Fifth, NCDB lacks data regarding toxicity and side 
effects in patients that received LC or SC radiotherapy. Finally, 
the reasons for omitting neoadjuvant/adjuvant chemotherapy 
in both LC and SC groups cannot be fully elucidated, which 
may potentially bias overall survival. However, we adjusted 
our analysis for the main factors affecting treatment decision, 
i.e., age, comorbidities and clinical stage.

In summary, our findings suggest that LC radiotherapy 
is associated with an improved OS compared with SC radio-
therapy in locally advanced rectal adenocarcinoma. To the 
best our knowledge, this is the first report in the literature 
suggesting an advantage for LC radiotherapy. This possible 
advantage is clinically relevant mainly in patients who cannot 
tolerate adjuvant chemotherapy, and should therefore be taken 
into account in the decision-making process in this setting.
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