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Introduction

Several decades ago, surgery alone was the standard 
treatment for locally advanced rectal cancer, which was 
associated with high rates of pelvic recurrence resulting in 
significant morbidity and mortality (1). This led to the idea 
of adding radiotherapy and/or chemotherapy to surgery in 
order to obtain better local control and possibly improved 
survival rates. Several trials compared the efficacy and safety 
of different treatment modalities in an attempt to define an 

optimal treatment strategy in terms of efficacy and safety. 
In late 80’s, addition preoperative radiotherapy has been 
shown to decrease local recurrences (2). Radiotherapy alone 
or in combination with chemotherapy has been tested in 
the randomized EORTC-22921 study, which established 
that neoadjuvant radiotherapy is not enough for local 
control and neoadjuvant radiochemotherapy should be 
the standard for clinically resectable rectal cancers owing 
to its better control rates (3). Other studies showed the 
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superiority of preoperative radiotherapy over postoperative 
therapy (4), with no additional postoperative morbidity (5).  
Based on this growing body of evidence, neoadjuvant 
radiochemotherapy and transmesorectal excision (TME) 
has become the accepted therapeutic modality in clinical 
stage T3 and N0/+ patients. 

Although most surgeons prefer waiting four to  
eight weeks after neoadjuvant chemoradiotherapy (6), the 
optimum duration has not been defined yet. Since recovery 
of mesorectum needs time, increasing the interval between 
two treatments has the potential to enhance outcomes. 
Delaying the interval up to 14 weeks does not seem to 
compromise safety (7). To date, several studies compared 
shorter versus longer delays after chemoradiotherapy 
with conflicting findings in terms of local control and  
survival (6,8-10). 

Circumferential margin (CRM) positivity is still major 
reason for local recurrences and systemic failure in rectal 
cancers (11). In addition to local recurrence and survival 
rates, circumferential margin (CRM) positivity represents 
another important endpoint to evaluate the effectiveness of 
neoadjuvant treatment, since most local relapses originate 
from the surgical margin.

This Istanbul R0-1 prospective randomized study 
was designed to compare the efficacy of four-week (4 w)  
versus eight-week (8 w) delay before surgery after 
concomitant neoadjuvant chemoradiotherapy in terms of 
local recurrence, circumferential margin positivity, and 
overall survival in cT3-4/N0+, mid- and distally localized 
(intraperitoneal) rectal cancers.

Material and methods

Patient eligibility and enrollment

To be eligible for this single center prospective randomized 
trial, patients had to present with locally advanced (T3-
4 or N0/N+) low- (Level I or below 59 mm from the 
anal verge) or mid-rectum (Level II or 60-119 mm  
from the anal verge) rectal adenocarcinoma. Exclusion 
criteria included secondary malignancy, inflammatory 
bowel disease, uncontrolled diabetes or infection, 
pregnancy, and an ECOG performance status greater than 
2. The study protocol was approved by Surgical Review 
Board of Istanbul University, Istanbul Medical Faculty. 
Study procedures were in accordance with Declaration 
of Helsinki and all patients gave informed consent prior 
to study entry. Primary endpoint was local recurrence 

and secondary endpoints were overall survival and 
circumferential margin positivity.

Randomization and treatments

Patients were randomly assigned into two groups: Group A 
(4 w) and Group B (8 w). All patients received neoadjuvant 
chemoradiotherapy prior to surgery. Patients in Group A  
(4 w) underwent total mesorectal excision (TME) with 
curative intent four weeks after neoadjuvant therapy, 
whereas patients in Group B (8 w) received surgery after 
eight weeks.

For pretreatment staging, flexible colonoscopy, 
endorectal  ultrasonography (EUS),  computerized 
tomography (CT) or magnetic resonance imaging (MRI) of 
the pelvis were used. In addition, abdominal or thoracic CT 
was used to rule out distant metastasis. 

The neoadjuvant radiotherapy regimen included 45 cGy 
radiation delivered to the posterior pelvis in 25 fractions  
(1.8 Gy per fraction) over 5 weeks.  Neoadjuvant 
chemotherapy consisted of 225 mg/m2·day 5-fluorouracil 
infusion using catheter or implantofix over the same  
5 weeks. All patients were examined every week by 
attending physicians during chemoradiotherapy. After total 
mesorectal excision, optional adjuvant chemotherapy was 
offered as 4 cycles of FU-FA treatment (Mayo regimen) 
within the six weeks after surgery. 

Pathological examination of the surgical specimens

Resection specimens were thoroughly sectioned and at 
least five sections were submitted per tumor (unless the 
primary was so small that fewer sections can be done) for 
microscopic examination. In cases of complete response, 
suspected areas of the resection specimen were examined 
entirely. In addition, a vigorous search of the mesorectum 
was performed to identify as many lymph nodes as 
possible and all identified lymph nodes were submitted 
entirely for microscopic evaluation. For the evaluation of 
tumor response, Dworak grading system (12) was used by  
two gastrointestinal pathologists at Istanbul Medical 
Faculty, Department of Gastrointestinal Pathology. 
Pathologic response was evaluated using Total Regression 
Score (TRG), where TRG IV indicates no viable cancer 
cells and TRG 0 indicates no downgrading. Acellular pools 
of residual mucin in specimens were considered to represent 
completely eradicated tumor.
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Follow-up

Patients were followed up routinely at 3-month intervals for 
the first 2 years after the operation and at 6-month intervals 
during next years. A local recurrence was defined as a 
radiologically demonstrated or a biopsy proven tumor within 
pelvis or perineum. Disease-free survival (DFS) and overall 
survival (OSS) were defined as the time from initiation of 
chemotherapy to the first evidence of relapse or death.

Statistical analysis

Statistical analysis was performed using SPSS software 
version 16.0 (SPSS, Chicago, IL). Kaplan-Meier method 
was used to analyze survival and the differences in survival 
probabilities were assessed using log-rank test. Mann-
Whitney U, chi-square and Fisher’s exact tests were used, 
where applicable. Statistical significance was set at 0.05.

Results

Patient characteristics

Between January 2002 and December 2007, 170 eligible 
patients were enrolled in the trial. Baseline characteristic 
and clinical outcomes of the patients are shown in Table 1. 
Groups were similar with regard to patient characteristics. 
Seventeen patients (9 patients from group A and 8 patients 
from group B) were withdrawn from the study due to 
following reasons: intestinal obstruction (2 patients), M1 
identified at surgery (5 pts), patient preferred local excision 
(2 pts), frozen pelvis found at operation (5 pts), progression 
during treatment (3 pts). 

Clinical outcomes

Lateral and distal surgical margin positivity was present 
in 11 and 3 patients, respectively. The two groups did not 
differ with regard to lateral surgical margin positivity and 
pathological tumor regression rate. 

Local recurrence occurred in 9 (11.8%) and 8 (10, 3%) 
patients in Group A and Group B, respectively. Local 
recurrence rate was significantly higher among patients with 
surgical margin positivity (either lateral or distal) compared 
to patients with negative margins (28.5% vs. 9.3%, P=0.02).

Group A and Group B had similar 5-year overall 
survival (76.5% vs. 74.2%, P=0.60) (Figure 1A) and disease 
free survival rates (73.2% vs. 70.5%, P=0.80) (Figure 1B).  
Overall survival was better in patients with negative surgical 

margins (78.8% vs. 53.0%, P=0.04) (Figure 1C). In addition, 
local recurrence was associated with worse survival (37.7% 
vs. 80.3%, P<0.0001) (Figure 1D). However, greater 
pathological regression grade (TRG III-IV) did not provide 
any overall survival benefit (Figure 1E). Similarly, receiving 
adjuvant treatment did not improve survival (77.4% vs. 
75.4%, P=0.62).

Complications

Neoadjuvant chemoradiotherapy complications
Twenty  percent  dose  reduct ion  in  preopera t ive 
chemotherapy was required in 12 (15.7%) and 14 (18.8%) 
patients from Group A and Group B, respectively. Only 
two patients required interruption of radiotherapy (for 
one week). Neoadjuvant chemoradiotherapy related 
complications are listed in Table 2. 

Adjuvant chemotherapy complications
Patients in 4-week group received 93.5% of planned 
postoperat ive  chemotherapy cycles ,  whereas  the 
corresponding figure was 92.5% in the 8-week group. 
Adjuvant chemotherapy grade III-IV complications were 
as follows: diarrhea, 7%; nausea/vomiting, 10%; stomatitis, 
10%; leukopenia, 5%; decrease in Hb, 5%; angina, 2%; 
cerebrovascular accident, 1%; catheter infection, 2%; ileus, 
2%. Dose reduction was required in 22% of the patients 
receiving adjuvant chemotherapy.

Surgical complications
There were two early postoperative deaths (one from each 
group). Surgical complications are shown in Table 3.

Long-term complications
In the long-term, renal complications due to local 
recurrences were seen in 7 patients (4.5%) and a 
nephrostomy tube was placed in all of them.

Discussion

This study was the first prospective randomized study 
conducted with rectum cancer patients to test the 
effect of the interval between preoperative neoadjuvant 
chemoradiotherapy and surgery on both pathological 
response to chemoradiotherapy and long-term outcomes 
including local recurrence and survival. A difference 
between long-interval (8 weeks) and short interval (4 weeks) 
groups could not be found in any of the parameters tested.
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Table 1 Patient characteristics and clinical outcomes 

Characteristic
Group A (4 w)  

N=76

Group B (8 w)  

N=77

P for  

difference

Patient characteristics

Age (mean±SD) 54.0±12.4 52.3±14.0 0.42

Male gender 44 (57.9%) 50 (64.9%) 0.80

WHO performance status

0 45 (59.2%) 52 (68.4%) 0.31

1 31 (40.8%) 25 (32.5%)

Tumor grade

Grade I 6 (7.9%) 3 (3.9%) 0.79

Grade II 61 (80.3%) 65 (84.4%)

Grade III 9 (11.8%) 9 (11.7%)

Histological type

Adenocarcinoma 70 (92.1%) 72 (93.5%)
0.73

Mucinous 6 (7.9%) 5 (6.5%)

Preop cT3 tumor 69 (90.8%) 70 (90.9%) 0.58

Preop cN + 53 (69.7%) 56 (72.7%) 0.60

Distal rectal tumor (Level I, 0-59 mm) 35 (46.1%) 39 (50.6%) 0.32

Mid-rectal tumor (Level II, 60-119 mm) 41 (53.9%) 38 (49.4%)

Surgery type

Sphincter preserving surgery 56 (73.7%) 49 (63.6%) 0.18

Abdominoperineal resection 20 (26.3%) 28 (36.4%)

Median duration of follow-up (months) 56.8 59.3 0.61

Clinical outcomes

Local recurrence 9 (11.8%) 8 (10.3%) 0.77

Lateral surgical margin positivity 7 (9.2%) 4 (5.1%) 0.33

Distal surgical margin positivity 1 (1.3%) 2 (2.6%) 1.00

Total regression (TRG) scorea 

TRG 0 1 (1.3%) 1 (1.3%) 0.35

TRG 1 14 (18.4%) 23 (29.9%)

TRG 2 35 (46.1%) 27 (35.0%)

TRG 3 11 (14.5%) 15 (19.5%)

TRG 4 (pathological complete response)b 15 (19.7%) 11 (14.3%)

T downstaging 32 (42.1%) 35 (45.4%) 0.67

N downstaging 34 (44.7%) 34 (44.1%) 0.94

Early postoperative mortality (<30 d) 1 1 1.00

No. harvested lymph nodes (median, range) 15 (1-37) 13 (0-50) 0.30

No. of positive lymph nodes (median, range) 0 (0-18) 0 (0-15) 0.66

5-year survival (%, CI) 76.5%, 68.0-81.5 74.2%, 65.4-80.0 0.60

Median time to local recurrence, months 23.5 20.8 0.56

Disease free survival (5 years) 73.2% 70.5% 0.80

Receiving adjuvant chemotherapy 50 (65.7%) 50 (64.0%) 0.91

5 year overall survival among patients received adjuvant chemotherapy 77. 5% 75.4% 0.62

cT, clinical preoperative stage; cN+, clinical preop stage, lymph node positive; aDworak score; bGroups did not differ with regard to 

pathological complete response (P=0.37); Unless otherwise stated, data are presented in n (%).
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Figure 1 Survival functions. (A,B) Overall survival and disease free survival curves for patients receiving surgery after 4 weeks versus 8 weeks 
after neoadjuvant treatment, respectively. Overall survival curves for patients with or without surgical margin positivity (C), local recurrence 
(D), and a high pathological regression rate (E).
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Table 2 Neoadjuvant chemoradiotherapy complications

Complication
Group A (4 w) Group B (8 w)

Gr III Gr IV Gr III Gr IV

Tenesmus 1 - 5 -

Desquamation/pigmentation 7 - 8 -

Catheter infection 1 - 1 -

Blood transfusion 0 - 1 -

Palmar erythema 0 - 1 -

Leukopenia 2 - 0 -

Pneumothorax 1 - 0 -

Thrombocytopenia 0 - 1 -

Neutropenia 6 - 2 -

Subclavian thrombosis 1 - 0 -

Arrhythmia 2 - 0 -

Herpes vaginalis 1 - 0 -

Disuria 1 - 0 -

Toxicity was evaluated using NCI CTC v2.

To date, several studies with varying methodology 
and sample size have examined the effects of neoadjuvant 
radiotherapy/chemoradiotherapy-surgery interval on 
treatment outcomes (Table 4) (6,8-10). An important issue 
to address is to show whether delaying surgery results in 

better pathological response in the tumor bed where most 
relapses occur. The second important question to answer 
is whether potential benefits of delaying surgery results in 
low recurrence rates or long-term survival gain. Studies 
that have examined these hypotheses are relatively scarce in 
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Table 3 Surgical complications

Complication Group A (4 w) Group B (8 w)

Perioperative complications n=5 (7.6%)a n=3 (4.4 %)b

Early postoperative complications n=20 (25%)c n=12 (18%)d

Late postoperative complications n=7 (8.8%) n=7 (10.6%)

Mean duration of operation, min 135±29 144±26

Estimated blood loss, mL 115±35 125±40

Unless otherwise stated, data are presented mean ± standard deviation. a, Presacral vein injury, rectum perforation, ureter injury, 

colon injury, ureter plus presacral injury (n=1 for each); b, Spleen and colon meso injury, vaginal injury, and spleen injury (n=1 for 

each); c, Anastomosis leak (n=2), stoma necrosis (n=1), acute renal failure (n=1); d, Anastomosis leak (n=3), pelvic abcess (n=2), 

pelvic hematoma(n=1). Late postoperative complications included incisional hernia, anastomosis sitricture, colovaginal fistula, 

subileus, stoma problems, and perirectal abcess.

Table 4 Studies comparing the effects of the time interval between neoadjuvant chemoradiotherapy/radiotherapy and surgery in locally 
advanced rectum cancer

Number of 

patients
Design Follow-upc Intervalsab Total RT dose Chemotherapy regimen

Francois  

et al., 1999

99/102 Prospective,  

randomized

33.5 (1-79) 2/6-8 39 Gy None

Stein  

et al., 2002

19/14 Prospective NA 4-8/10-14 45-54 Gy 5-FU infusion plus  

CPT-11 weekly bolus

Moore  

et al. 2003

82/73 Retrospective NA ≤44/>44 days 50.4 Gy 5-FU/LV bolus, 5-FU  

infusion, or 5-FU  

infusionplus CPT-11 

Tulchinsky  

et al., 2008

48/84 Retrospective 33 (6-80) ≤7/>7 45-50.4 Gy 5-FU infusion or oral

de Campos-Lobato  

et al., 2011

83/94 Retrospective 48 <8/≥8 50.4 Gy 5-FU bolus, 5-FU infusion, 

or 5-FU infusion

Wolthius  

et al., 2012

201/155 Retrospective 58.8 (12-130.8) ≤7/>7 45 Gy 5-FU infusion and  

5-FU-based

Saglam  

et al. 2013

76/77 Prospective,  

randomized

57.6 (6-94) 4/8 45 Gy 5-FU infusion

a, shorter interval/longer interval; b, unless otherwise stated, weeks; c, months, median (range); NA, not available.

number with conflicting results. 
The earliest study comparing the effects of short interval 

(within 2 weeks) and long interval (6 to 8 weeks) between 
neoadjuvant therapy and surgery was the Lyon R90-01 
randomized trial, which demonstrated better clinical and 
pathological response with longer interval (9). However, 
the interval did not have an effect on morbidity, local 
relapse, short-term survival and sphincter preservation. 
That study did not include a preoperative chemotherapy 
regimen. In 2002 and 2003, two studies with no long-
term recurrence and survival data were published (6,10). 

These two studies, a prospective study by Stein et al. (10) 
and a retrospective study by Moore et al. (6), failed to 
demonstrate any benefit of long-term delay before surgery 
in terms of tumor downstaging, pathological response or 
sphincter preservation. A recent retrospective study by 
Tulchinsky et al. (8) examined both short and long-term 
results and found better pathological complete response, 
metastasis and disease free survival rates but similar overall 
survival and local recurrence. In line with most but not all 
of the findings of previous studies, the present prospective 
randomized study did not find any difference between 
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surgery performed 4 weeks after neoadjuvant therapy 
and surgery performed after 8 weeks of delay, in terms of 
both early benefits of neoadjuvant therapy and long-term 
success of combined treatment. Two groups had similar 
pathological complete response, T and N downgrading, 
lateral surgical margin positivity, sphincter preservation 
rates as well as similar local recurrence, distant metastasis 
and 5-year survival rates.

Lateral or circumferential resection margin (CRM) has 
been shown to be the most important factor for the risk 
of local recurrence after rectal cancer surgery (13). The 
relevance of a positive CRM has been confirmed in many 
subsequent studies not only for local recurrence, but also 
for systemic failure (14-16). All studies that included the 
development of distant metastases as a separate outcome 
variable show a significant difference in prognosis between 
the CRM-positive and the CRM-negative patients (HR, 
2.8; 95% CI, 1.9 to 4.3) regardless of the use of neoadjuvant 
therapy (11). In combination with lymph node status, 
CRM status seems to provide a better prognostic model 
than current TNM system (13). In the study by Bujka et 
al., the addition of fluorouracil/folinic acid to long-term 
radiotherapy did not decrease the number of positive 
margins although there was more downstaging in the 
radiochemotherapy arm (16). Similarly, more downstaging 
was present in the radiochemotherapy arm compared with 
the radiotherapy arm in the European Organization for 
Research and Treatment of Cancer trial but CRM positivity 
rate was similar. Thus, downstaging does not necessarily 
translate into CRM negativity, probably not into better 
long-term results in term of local recurrence and survival. 
This study used also lateral surgical margin positivity as 
an indicator of pathological response and did not find a 
significant difference between the short-interval and long-
interval groups. This is consistent with the long-term 
results of this study demonstrating similarity in terms of 
local and systemic long-term results. 

Among several studies that compared short versus 
long delay after neoadjuvant chemoradiotherapy in 
rectal cancer, only the study by Tulchinsky et al. showed 
significant benefits of delaying surgery in terms of 
pathological complete response and disease free survival, 
but not for overall survival (8). In that study, surgical 
margin positivity was not reported and the significance of 
the difference between disease free survival rates was only 
marginal. Similarly, in other two studies surgical margin 
positivity was not reported (17,18). Delayed surgery was 
associated with improved 3-year local recurrence rate (17) 

and increased complete pathological response rate (18) 
in the first and second study, respectively. The other two 
studies (6,10), one of which also examined surgical margin 
positivity (6), failed to show any difference between 
groups. Moreover, none of the studies other than the 
present study was randomized.

Previous relevant studies used different preoperative 
chemotherapy regimens and groups were heterogeneous, 
particularly in terms of the route and type of chemotherapy, 
raising the issue of potential bias. Study by Moore et al. 
used both oral and infusional forms of 5-FU (6). In that 
study, the use of infusional 5-FU was slightly more frequent 
in the long-interval group, although the difference was not 
statistically significant. In the study by Tulchinsky et al. (8), 
information on the homogeneity of the groups with regard 
to chemotherapy regimen was not provided. Difference in 
chemotherapy regimens may result in differences in both 
short- and long-term benefits. For example, Mohiuddin et al. 
has demonstrated that infusional 5-FU was associated with 
better outcomes than bolus administration of 5-FU (19).  
This study on the other hand, used a standard chemotherapy 
regimen in a prospective randomized design. In addition, 
distribution of the groups with regard to tumor distance 
from anal verge is an important parameter since low rectal 
tumors may be associated with higher local recurrence rate. 
The distribution of tumor distance was also homogenous in 
this study.

One of the concerns related to the prolongation of 
chemoradiotherapy-surgery interval is the potential of 
complications during or after surgery due to radiotherapy-
induced fibrosis. In USA, surgeons prefer to perform 
surgery 4 to 8 weeks after neoadjuvant therapy (6). In 
a study by Tran et al., safety of prolonged interval after 
neoadjuvant treatment was examined (7). Although the 
sample size was relatively small in that study, surgical 
complication rates including intraoperative blood loss, 
postoperative complications and re-admissions were 
similar in patients operated after >8 weeks and <8 weeks of 
delay. However, length of operation and length of hospital 
stay were longer among patients operated >8 weeks after 
neoadjuvant treatment. The three studies, which were 
mainly designed for examining the efficacy outcomes 
of prolonging neoadjuvant-surgery interval, also found 
similar rates of blood loss, postoperative morbidity, and 
postoperative complications with longer intervals when 
compared to shorter intervals, although a slightly higher 
rate of anastomotic complications was observed in the 
study by Moore et al. (6). Unlike the findings of Tran et al.,  
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Moore and Tulchinsky failed to find a difference in terms 
of duration of operation and hospital stay (6,8). In this 
study, overall rate of postoperative complications was 
slightly higher in the patients that received surgery after 
a short delay. However, rates of individual postoperative 
complications, i.e., deep venous thrombosis, Fournier 
gangrene, and pneumonia, were similar.

Although current evidence suggest that delaying the 
operation seems safe in terms of intra- and postoperative 
complications, there is still concern that the tumor might 
progress or metastasize during the prolonged interval 
between neoadjuvant treatment and surgery, which was 
supported by the increased number of patients with 
‘tumor upstaging’ in patients that received delayed 
surgery (7).

Conclusions

Findings of the present study do not support the 
intentional prolongation of the chemoradiotherapy-surgery 
interval in an effort to improve pathological response 
to radiochemotherapy, local disease control or survival; 
although prolonging the interval seems safe based on 
evidence from relatively low number of patients. Surgical 
margin positivity and quality of surgical performance seem 
to be more important.
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