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ABSTRACT
Neoadjuvant treatment has become the standard of care for locally advanced rectal cancer for many 

years. Several neoadjuvant therapeutic options are currently used, the most common being conventionally 
fractionated radiotherapy (or long-course radiotherapy) administered concomitantly with chemotherapy 
and hypofractionated radiotherapy (or short-course radiotherapy). This meta-analysis will give a better 
overview of the results of several studies that compare long-course radio-chemotherapy with short-course 
radiotherapy, emphasizing on the severe acute and late toxicities and the postoperative results of the 
analyzed studies. 

After identification, analysis and verification of eligibility criteria, eight studies were included in the 
meta-analysis. The methodological quality of the selected studies was assessed using the classic Oxford 
quality grading system (Jadad scale). 

The results obtained in this meta-analysis shows us that we can safely use both short-course radiotherapy 
and long-course radio-chemotherapy as neoadjuvant treatment for locally advanced rectal cancer, without 
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INTRODUCTION

Neoadjuvant treatment has become 
the standard of care for locally ad-
vanced rectal cancer for many 
years (1). Several neoadjuvant 
therapeutic options are currently 

used, the most common being conventionally 
fractionated radiotherapy administered conco-
mitantly with chemotherapy (or long-course ra-
diotherapy, LCRT + CHT) and hypofractionated 
radiotherapy (or short-course radiotherapy, 
SCRT). The first option is widely used in the 
United States of America and in many treatment 
centers in Europe while the latter is mostly used 
in Northern Europe (2). Some studies that com-
pare the two treatment regimens show similar 
outcomes for overall survival (3-7), disease free 
survival (3, 5-7), local relapse (3-7) or distant me-
tastasis rate (3-5, 7). However, the choice of 
treatment scheme remains at the discretion of 
the radiation oncologist and there is no consen-
sus on the optimal therapeutic option corres-
ponding to the particularities of each patient. 

Definition, epidemiology
Colorectal cancer is the third most common can-
cer after breast and lung cancer and the second 
leading cause of death worldwide after lung can-
cer. Although its incidence has remained rela-
tively unchanged in the last two years, global 
mortality caused by colorectal cancer has in-
creased by 0.2% (8).

Epidemiological data from Romania show a 
higher incidence of colorectal cancer compared 
to global epidemiological data. Thus, colorectal 
cancer was the most diagnosed neoplasm in 
2020 in our country, about 13% of new cases of 
cancer (8). 

Long-course radiotherapy represents the 
conventionally fractionated radiotherapy, with 
doses of 180 to 200 centi-Gray per fraction, ad-
ministered in 25 to 28 daily fractions (five days 
per week) up to a total dose of 4 500 to 
5 040 centi-Gray. Chemotherapy is administered 
concomitantly, the most frequent cytostatic 

agents being capecitabine with a dose of 
825 mg/m2 twice daily or 5-fluorouracil with a 
dose of 1 200 mg/m2 daily. Surgery is scheduled 
4 to 12 weeks after radiotherapy ends, usually in 
the sixth or seventh week. The administration of 
adjuvant chemotherapy remains at the decision 
of the attending oncologist (9). 

Short-course radiotherapy represents the hy-
pofractionated radiotherapy, with doses of 
500 centi-Gray per fraction, administered in five 
daily fractions over the course of a week up to a 
total dose of 2 500 centi-Gray. Usually, no che-
motherapy is administered concomitantly. Sur-
gery is scheduled in the first 10 days after radio-
therapy, most frequently in days 5 to 7, or it can 
be delayed similar to long-course radiotherapy. 
Some studies have demonstrated that there is no 
difference in efficacy with immediate versus de-
layed surgery after short-course radiotherapy 
(10-12). 

Purpose
Can this meta-analysis give a better overview of 
the results of several studies that compare long-
course radio-chemotherapy with short-course 
radiotherapy, by emphasizing the severe acute 
and late toxicities and the postoperative results 
of the analyzed studies? q

MATERIALS AND METHODS

Inclusion and exclusion criteria
The meta-analysis includes prospective, dou-

ble-blinded, randomized and retrospective stu-
dies that compare the long-course and 
short-course radiotherapy regimens in patients 
with locally advanced rectal cancer and that 
contain information on at least one of the follo-
wing: severe acute toxicity, severe late toxicity, 
positive postoperative circumferential margins, 
local pelvic relapse rate at three years without 
taking into account distant metastases.

Case presentations, case series or review stu-
dies were not included in the meta-analysis. Stu-
dies that included patients diagnosed with distant 
metastases at the time of enrollment were also 

significant differences regarding to severe acute or late toxicities, positive resection margins R+ or the 
number of local pelvic relapses at three years.

Keywords: short-course radiotherapy, long-course radiotherapy, neoadjuvant treatment,  
rectal cancer, locally advanced rectal cancer, radio-chemotherapy.
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excluded. In order to be recorded for analysis, we 
selected studies that had a total dose of at least 20 
Gray on the short-course regimen and a mini-
mum of 45 Gray on the long-course regimen.

Data selection
Relevant studies have been identified in the 
PubMed, Cochrane and Embase databases since 
2000, searching for keywords (radiotherapy, 
neoadjuvant treatment, rectal cancer, short-
course radiotherapy, long-course radiotherapy) 
in the search engines of these databases. Of the 
558 identified studies, 137 were duplicates, 
335 studies did not present relevant information 
for this meta-analysis and another 15 studies did 
not meet the inclusion criteria. Finally, eight stu-
dies were included in the meta-analysis.

Data analysis and quality assurance
The methodological quality of the selected stu-
dies was assessed using the classic Oxford quality 
grading system (Jadad scale), with a quality score 
of the studies ranging from 0 to 5, depending on 
the presence or absence of randomization, dou-
ble-blinding and completeness of data (13).

The following data was extracted from the in-
cluded studies: general data about the popu-
lation (country of the study, year of the study, 

study design, number of patients included on 
each arm, age, gender), TNM stage, tumor loca-
tion, treatment regimens, interval to surgery, fol-
low-up period and the variables to be analyzed: 
quantitative variables (scales of acute and late 
toxicities, grade of positive oncological margins) 
or nominal dichotomous variables (local relapse 
rate at three years).

The meta-analysis was performed using Re-
view Manager Software 5.4 (RevMan 5.4, Co-
chrane Collaboration) and included dichoto-
mous data. The results were obtained by the 
fixed effects analysis model and included the p 
score for statistical significance (p <0.05 being 
considered statistically significant). For all the 
data, risk ratio and the 95% confidence interval 
were calculated using the Mantel-Haenszel sta-
tistical method. Heterogeneity between studies 
was quantified using the Chi2 and I2 inconsisten-
cy test. The graphical representation of the data 
was performed for each comparison using the 
“forest plot” model. q

RESULTS

The following variables were analyzed in this 
meta-analysis: frequency of severe acute to-

xicity during or immediately after neoadjuvant 

Short vS. Long-CourSe radiotherapy in reCtaL CanCer: Meta-anaLySiS

FIGURE 1. Study selection process scheme
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treatment (grade 3-4 on the Common Termino-
logy Criteria for Adverse Events CTCAE or Radia-
tion Therapy Oncology Group RTOG scale); fre-
quency of severe late toxicity after neoadjuvant 
treatment (grade 3-4 on the Common Termino-
logy Criteria for Adverse Events CTCAE or Radia-
tion Therapy Oncology Group RTOG scale); 
presence of positive postoperative circumferen-
tial margins (R>0); and local relapse rate at 
three years, without taking into account distant 
metastases.

Severe toxicities observed
Consistent with the findings of other stu-
dies (3, 5, 14, 15), this meta-analysis shows that 
short-course hypofractionated radiotherapy has 
a favorable short-term safety profile when com-
paring it to conventional long-course fractional 
radiotherapy. In the case of LCRT + CHT we ob-
serve a higher number of events (of severe acute 
toxicities), even though the total number of pa-
tients in the study who received the LCRT+CHT 
scheme is lower. The most common acute toxi-

Short vS. Long-CourSe radiotherapy in reCtaL CanCer: Meta-anaLySiS

TABLE 1. Laboratory values on admission

FIGURE 2. Meta-analysis of severe acute toxicities in LCRT+CHT vs. SCRT
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cities observed in the studies were gastrointesti-
nal toxicities. 

The results observed in the analysis of severe 
late reactions slightly favors the long-course 
treatment scheme. The number of events (severe 
late toxicities) is lower for LCRT+CHT than for 
SCRT and the heterogeneity of the studies is sa-
tisfactory with an I2 inconsistency test <50%.

Postoperative results and local relapse rate
By analyzing the rate of positive resection mar-
gins (microscopic R1 or macroscopic R2) in the 
included studies, we observe that both treatment 
schemes obtain similar results. Although there 
are several comparative studies between 
LCRT+CHT vs. SCRT, only Bujko et al in 2006 

(3) and 2016 (7) and Guckenberger et al in 2012 
(15) provide comprehensive information on re-
section margins.

We analyzed studies that reported local re-
lapse events, noting that we strictly selected local 
pelvic recurrences and did not include distant 
metastases. The results in this case are approxi-
mately equal for both regimens, which confirms 
the safety of both treatments in terms of local 
control. q

DISCUSSION

Many authors have obtained a favorable 
safety profile for SCRT when talking about 

severe acute toxicities, with results being statisti-

Short vS. Long-CourSe radiotherapy in reCtaL CanCer: Meta-anaLySiS

FIGURE 3. Meta-analysis of severe late toxicities in LCRT+CHT vs. SCRT

FIGURE 4. Meta-analysis of positive circumferential margins in LCRT+CHT vs. SCRT

FIGURE 5. Meta-analysis of the local relapse rate at three years in LCRT+CHT vs. SCRT
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cally significant (p <0.05). In 2016, Bujko et al 
(7) suggests the opposite, but by a very small 
margin (n = 59 for SCRT vs. n = 54 for 
LCRT+CHT). These findings may support the 
idea that for vulnerable people such as elderly or 
poor performance status (PS) patients with sig-
nificant comorbidities, shorter care and milder 
acute side effects will increase the likelihood of 
administering the entire treatment without inte-
rruption. If the long-term treatment option is 
chosen for this category of patients, there is a 
higher risk of discontinuing treatment or even 
cessation, which has detrimental consequences 
on the final oncological outcome. 

A confusing factor to consider is that most of 
the studies used the CTCAE scale as a reference 
for adverse reactions, while Read et al (14) used 
the RTOG toxicity scale. Also, Krajcovicova et al 
did not give details about the severity scale used 
by them (8).

In terms of severe late reactions, this meta-
analysis justifies the choice of long-course radio-
therapy in younger patients with fewer comor-
bidities and a longer life expectancy, despite the 
risk of developing more serious side effects du-
ring or immediately after treatment. Studies con-
ducted by Bujko et al in 2006 (3) and 2016 (7) 
showed a rate between 5-10% of severe late re-
actions, but below 1% mortality caused by these 
complications. Both LCRT+CHT and SCRT have 
an adequate safety profile.

Postoperative oncological margins are a well-
known risk factor for all oncological conditions 
treated with surgery. Surgery at 6-8 weeks after 
radiotherapy is more difficult to perform due to 
the development of fibrosis within the pelvic tis-
sues, but by allowing radio-chemotherapy to act 
for a longer time, a reduction in tumor size is 
obtained in many patients – downstaging (5, 6, 14) 
or even complete disappearance of the tumor – 
complete pathological response (3, 7). In the 
case of immediate surgery, the pelvic tissues do 
not suffer significantly from radiotherapy and the 
anatomical planes are easier to be identified by 
the surgeon. When removing the tumor imme-
diately after radiotherapy, both the chances of 
having a significant reduction in tumor size and 
the chances of completely sterilizing the tumor 
and obtaining a complete pathological response 
are lower (3, 7, 14). Another essential factor in 
order to obtain negative resection margins is the 
quality of radiological investigations and their 

careful and complete interpretation, thus gui-
ding both the radiation oncologist and the sur-
geon towards the optimal treatment method by 
correctly assessing the TNM stage (16).

Similarly to the resection margins, another 
variable of oncological importance is the local 
relapse rate observed in the first three years (17). 
Although the studies included in the analysis of 
this variable have a moderate heterogeneity 
(I2=64%), the number of events (local relapses) 
is almost equal n=49 vs. n=52. Surprisingly, the 
long-course regimen, even though using con-
comitant chemotherapy, does not achieve supe-
rior results of local control compared to radio-
therapy alone in the neoadjuvant setting.

In the case of local relapse at three years, 
which was observed in the study conducted by 
Krajcovicova et al in 2012 (8), it should be taken 
into account that out of the 55 patients who un-
derwent conventional long-course radiotherapy, 
only 33 subjects received concomitant chemo-
therapy, so the results have an additional con-
founding factor.

A new treatment option under investigation, 
total neoadjuvant treatment (TNT), which in-
volves the administration of short course radio-
therapy or long course radio-chemotherapy fol-
lowed by neoadjuvant chemotherapy and surgery, 
might have better results regarding the rate of dis-
tant metastasis, probably through early destruc-
tion of micrometastases unidentifiable by current 
investigations (18). Exposure to ionizing radiation 
increases the risk of oncogenesis (19), which is 
why some researchers are further investigating the 
possibility of completely excluding radiotherapy 
from neoadjuvant treatment (20, 21). q

CONCLUSIONS

The results obtained in this meta-analysis show 
that we can use both the short-course radio-

therapy and the long-course radiotherapy 
schemes in the neoadjuvant treatment of locally 
advanced rectal cancer without having signifi-
cant differences in terms of severe acute or late 
toxicities.

From the postoperative result point of view, 
we can expect similar rates of positive margins 
R+ after both treatment options, which can vary 
from 0% (5) to 12.9% (3). These results are satis-
factory for the available treatment options and 
are superior to treatment regimens used before 

Short vS. Long-CourSe radiotherapy in reCtaL CanCer: Meta-anaLySiS
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2000, such as surgery alone or with adjuvant ra-
diotherapy (14).

The local pelvic relapse rate at three years, 
excluding distant metastases, is almost identical 
in the comparison made in this meta-analysis, 
despite the fact that one of the schemes involves 
radiotherapy alone and the other one associated 
chemotherapy.

To guide the radiation oncologist in choosing 
the optimal treatment regimen, a treatment pre-
diction model based on clinical and/or paraclini-
cal data of each patient should be proposed and 

validated. This model should balance the risks of 
severe acute side effects, which can lead to treat-
ment discontinuation, major complications or 
even death, with the risk of severe late side effects 
(22) and the desired oncological outcome. q
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