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OBJECTIVE: the objective of this study was to identify 
the risk factors for delays in chemotherapy after rectal 
cancer surgery and evaluate the effects of delayed therapy 
on long-term outcomes. We also sought to clarify what 
time frame should be used to define delayed adjuvant 
chemotherapy.

BACKGROUND: Postoperative complications have 
been found to influence the timing of chemotherapy 
in patients with colon cancer. Delays in chemotherapy 
have been shown to be associated with worse overall and 
disease-free survival in patients with colorectal cancer, 
although the timing of delay has not been agreed upon in 
the literature.

STUDY DESIGN: We performed a retrospective review 
of a prospectively maintained rectal cancer database. 
univariate analysis was used to identify risk factors 
for delayed chemotherapy. Kaplan-meier curves were 
generated to compare overall and disease-free survival 
in patients based on complications and timing of 
chemotherapy.

SETTINGS: this study was performed at the university of 
Wisconsin hospital, madison, Wisconsin, between 1995 
and 2012.

PATIENTS: Patients with rectal cancer who underwent 
proctectomy with curative intent were included in this 
study.

OUTCOME MEASURES: timing of chemotherapy, 30-day 
complications, and 30-day readmissions were the main 
outcome measures.

RESULTS: Postoperative complications and 30-
day readmissions were associated with delays in 
chemotherapy ≥8 weeks after surgery. Patients who 
received chemotherapy ≥8 weeks postoperatively were 
found to have worse local and distant recurrence rates 
and worse overall survival in comparison with patients 
who received chemotherapy within 8 weeks of surgery.

LIMITATIONS: the limitations of this study include its 
retrospective nature and that it was performed at a single 
institution.

CONCLUSIONS: We found complications and 
readmissions to be risk factors for delayed chemotherapy. 
Patients who received therapy ≥8 weeks postoperatively 
had worse disease-free and overall survival.

KEY WORDS: Rectal cancer; Chemotherapy delays; 
outcomes.

Colorectal cancer is the third most common cause 
of cancer-related mortality, accounting for 50,000 
deaths in the united states annually.1 there is also 

significant morbidity associated with treatment for colon 
and rectal cancer with postoperative complication rates 
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ranging from 18% to 38%.2–6 hendren and colleagues2 
showed an association between postoperative complica-
tions and omission in chemotherapy in patients who have 
stage iii colon cancer from the surveillance epidemiology 
and end Results database. they also demonstrated that 
patients with complications were more likely to have a sig-
nificant delay in chemotherapy >60 days. in addition to 
the association between complications and chemotherapy 
delays, multiple patient factors have been found to con-
tribute to delays in patients with colorectal cancer, includ-
ing older age, unmarried status, low socioeconomic status, 
and preoperative comborbidities.7–12 in the current litera-
ture, risk factors for delayed postoperative chemotherapy 
in patients with rectal cancer have not been well described.

although multiple studies have demonstrated that a 
delay in adjuvant chemotherapy is associated with worse 
outcomes, the definition of delay continues to be debated 
in the literature, and no standard timing has been estab-
lished for patients who have rectal cancer. some studies 
have demonstrated improved overall survival in patients 
who receive adjuvant chemotherapy within 8 weeks of re-
section for colorectal cancer.13–15 other studies have iden-
tified a decrease in overall survival when adjuvant therapy 
was delayed >12 weeks postoperatively.11,12 Clarification is 
needed to determine when patients who have rectal cancer 
should receive adjuvant chemotherapy for the best long-
term outcomes.

the purpose of this study was to evaluate the effect of 
postoperative complications on survival in patients with 
rectal cancer. We also sought to clarify the time frame that 
constitutes a delay in adjuvant chemotherapy by evaluat-
ing long-term outcomes and to identify risk factors for 
delay in chemotherapy. finally, we evaluated the effects 
of delayed chemotherapy on disease-free and overall sur-
vival. We hypothesized that postoperative complications 
contribute to delays in chemotherapy and that receiving 
chemotherapy late is associated with worse overall and 
disease-free survival.

METHODS

Patients with rectal cancer who underwent proctectomy 
with total mesorectal excision between 1995 and 2012 at 
the university of Wisconsin were identified retrospective-
ly from a prospectively maintained institutional review 
board-approved database. the human subjects committee 
at the university of Wisconsin has approved all investiga-
tions into this database.

the database contained data on patients with pri-
mary rectal cancer including over 15 preoperative co-
morbidity categories, age, sex, race, admission, operative 
and discharge dates, preoperative staging, operative type, 
duration, blood loss, and histology. Recorded comorbid 
conditions included diabetes mellitus, smoking, dyspnea, 

preoperative functional status, ventilator dependence, 
chronic obstructive pulmonary disease, ascites within 30 
days before surgery, congestive heart failure within 30 days 
before surgery, taking antihypertensive medications, acute 
renal failure, hemodialysis dependence, disseminated can-
cer, open wound, steroid/immunosuppressive medication 
use, body weight loss >10% in 6 months before surgery, 
bleeding disorder, transfusion of red blood cells within 72 
hours before surgery, and sepsis within 48 hours before 
surgery. Patients were categorized according to the indi-
cation for chemotherapy based on clinical and pathologic 
staging in an effort to identify the group of patients in 
whom chemotherapy was omitted. indication for chemo-
therapy was defined as preoperative lymph node involve-
ment on imaging, postoperative lymph node involvement 
on pathology, or the presence of metastatic disease. Given 
the time frame of our study and changing indications over 
this time, we did not include advanced t stage alone as 
an indication for chemotherapy. Patients with metastatic 
disease were included in the study population if they un-
derwent resection with curative intent. the type and tim-
ing of chemotherapy was recorded, as was the timing of 
radiation if it was received. timing to postoperative che-
motherapy was defined as the number of days between 
curative rectal cancer surgery and first chemotherapy ad-
ministration. Preliminary analysis of chemotherapy tim-
ing revealed significant differences in patient outcomes 
with therapy delayed past 8 weeks; therefore, 8 weeks was 
used for the remainder of analyses as opposed to 12 weeks 
(fig. 1). thirty-day postoperative complications including 
superficial, deep, and organ space surgical site infection, 
wound dehiscence, pneumonia, reintubation, pulmonary 
embolism, respiratory failure, acute renal failure, urinary 
tract infection, stroke, coma, neurologic deficit, cardiac ar-
rest, myocardial infarction, postoperative bleeding requir-
ing transfusion, deep vein thrombosis, and sepsis were 
recorded. Data for 30-day readmission to the hospital 
and reoperation within 30 days were also available. the 
database contained data on local and distant recurrence 
including site and timing of recurrence. mortality, as well 
as time of death, was recorded.

all statistical analyses were performed with the use of 
sPss statistics version 21. Descriptive statistics of patient 
characteristics, treatment, and outcomes were performed 
for the total patient population. univariate analysis using 
χ2 testing was performed to evaluate for associations be-
tween explanatory variables and timing of chemotherapy. 
each of the comorbid conditions was evaluated separately, 
and, owing to comorbidity occurring rarely in this popula-
tion, the presence of any comorbidity was also evaluated 
as an explanatory variable. the presence of serious comor-
bidity (congestive heart failure, ventilator dependence, pre-
operative ascites, and dialysis dependence) was extremely 
rare (5 of 355 patients), and, therefore, serious comorbidity 
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was not evaluated separately. a multivariate analysis was 
not performed because significant colinearity was found 
between the only 2 explanatory variables with statistical 
significance in univariate analysis. Kaplan-meier curves 
were generated for the presence or absence of complica-
tions both in the total patient population and in the sub-
set of patients who received chemotherapy. Kaplan-meier 
curves were created to evaluate the timing of chemothera-
py in patients who had postoperative complications and in 
patients who did not develop postoperative complications. 
overall survival was also evaluated in the patients who re-
ceived chemotherapy before 8 weeks with comparison of 
complications and no complications. a similar Kaplan-
meier curve was generated in the patients who received 
chemotherapy after 8 weeks. Disease-free (local recurrence 
and distant recurrence) and overall survival were examined 
according to the timing of chemotherapy by using Kaplan-
meier curves. Cox regression analysis was performed with 
the following possible confounders: postoperative compli-
cations, timing of chemotherapy, pathologic stage, margin 
status, neoadjuvant chemotherapy, and comorbidity. two-
sided p values of <0.05 were considered significant.

RESULTS

Patient Characteristics
We identified 355 patients who underwent proctectomy 
for rectal cancer at the university of Wisconsin hospitals 

and Clinics between 1995 and 2012. table 1 lists patient 
characteristics, treatment modalities, and outcomes for 
the total patient population. overall, 213 patients (60%) 
presented with locally advanced rectal cancer and were 
considered to have indications for chemotherapy. Che-
motherapy was omitted in 73 patients (34%) who had 
indications for chemotherapy. one hundred eighty-three 
patients ultimately received postoperative chemotherapy, 
136 of whom had indications for chemotherapy by the 
definition of this study.

Postoperative Complications and Survival
the overall complication rate in this patient population 
was 30% (107 of 355 patients). Patients with indications 
for chemotherapy had a similar complication rate of 30%, 
and those who received postoperative chemotherapy had 
a complication rate of 31%. surgical site infection was the 
most common complication in patients who received che-
motherapy within 8 weeks (52% of complications) and 
patients who received chemotherapy after 8 weeks (54% of 
complications). Deep or organ space surgical site infection 
was more common in patients in the delayed chemother-
apy group (6 patients) compared with those who received 
chemotherapy on time (2 patients). as demonstrated in 
figure 2, postoperative complications were significantly 
associated with worse overall survival in both the total pa-
tient population (n = 355) and in patients who received 
postoperative chemotherapy (n = 165). in patients who 
received chemotherapy and had postoperative compli-
cations (Fig. 2B), the median survival was 119.3 months 
(95% Ci, 47.1–191.5).

Risk Factors for Delay in Chemotherapy
of the 183 patients who received postoperative chemo-
therapy, the timing of treatment was known for 165 pa-
tients, who made up the chemotherapy study group. one 
hundred ten patients received chemotherapy within 8 
weeks of surgery, and 55 patients received chemotherapy 
after 8 weeks. Patient characteristics, treatment modalities, 
and outcomes for patients who received chemotherapy 
at <8 weeks and ≥8 weeks following surgery are listed in 
table 2. these data suggest that postoperative complica-
tions and readmissions within 30 days of surgery are as-
sociated with delays in chemotherapy later than 8 weeks. 
in a separate univariate analysis, readmissions were found 
to be significantly associated with complications. a review 
of the data revealed that many of the same patients who 
had postoperative complications were also readmitted. 
Because of the colinearity between these factors and the 
lack of other statistically significant explanatory variables, 
further multivariate analysis was not performed.
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FIGURE 1. Overall survival in patients who received chemotherapy 
at <8 weeks, 8 to 12 weeks, and >12 weeks.
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Complications and Chemotherapy Timing
figure 3a provides the Kaplan-meier curve for overall 
survival in patients who experienced postoperative com-
plications and received chemotherapy at <8 weeks and 
≥8 weeks. the median survival for patients with com-
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FIGURE 2. A, Overall survival in patients with and without 
complications from total study patient population. B, Overall 
survival in patients with and without complications from population 
of patients who received chemotherapy.

TABLE 1.   Patient demographic, operative, and treatment 
characteristics for entire patient population

Patient characteristics Totals (N = 355) n (%)

Age, y
  Median
  Range
  Age ≤65 y

60
29–95

219 (62)
Sex
  Male
  Female

206 (58)
149 (42)

Median follow-up duration, moa 43.8
Stage at diagnosis
  I
  II
  III
  IV
  Unknown

52 (15)
122 (34)
117 (33)

43 (12)
21 (6)

Pathologic stage
  0
  I
  II
  III
  IV

71 (20)
105 (30)

61 (17)
106 (30)

12 (3)
Margin status
  Negative
  Positive

329 (93)
26 (7)

Chemotherapy indicated
  Yes
  No

213 (60)
142 (40)

Operation
  LAR
  APR
  Open
  Laparoscopic
  HALS
  Robotic

279 (79)
76 (21)

265 (75)
70 (20)
17 (5)

3 (1)
Radiation
  Preoperative
  Postoperative
  Pre- and postoperative
  None

218 (61)
23 (6)

8 (2)
106 (30)

Chemotherapy
  Preoperative
  Postoperative
  Pre- and postoperative
  None
  Unknown

73 (21)
35 (10)

148 (42)
88 (25)
11 (3)

Complications 107 (30)
Reoperation 17 (5)
Length of stay, days
  0–4
  5–7
  ≥8
In-hospital mortality

63 (18)
187 (53)
103 (29)

2 (1)
Hospital readmission 31 (9)
Discharge disposition
  Died
  Rehabilitation
  Skilled facility
  Unskilled facility
  Home with assistance
  Home

2 (1)
1 (<1)

16 (5)
1 (<1)

36 (10)
299 (84)

APR = abdominoperineal resection; HALS = hand-assisted laparoscopic surgery; 
LAR = low anterior resection.
a Time to last hospital follow-up appointment or death.
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TABLE 2.   Patient demographic, operative, and treatment characteristics for patients who received postoperative chemotherapy with 
known timing

Patient characteristics
Adjuvant therapy <8 wk (n = 110)

n (%)
Adjuvant therapy ≥8 wk (n = 55)

n (%) p

Age, y
  Median
  Range
  Age ≤65 y

55
29–83

86 (78)

54
35–78

42 (76)

0.79

Sex
  Male
  Female

68 (62)
42 (47)

33 (60)
22 (40)

0.82

Comorbiditya 56 (51) 32 (58) 0.38
Stage at diagnosis
  I
  II
  III
  IV
  Unknown

14 (13)
27 (25)
50 (45)
15 (14)

4 (4)

3 (5)
15 (27)
24 (44)

9 (16)
4 (7)

0.52

Pathologic stage
  0
  I
  II
  III
  IV

19 (17)
26 (24)
21 (19)
39 (35)

5 (5)

13 (24)
16 (29)

5 (9)
19 (35)

2 (4)

0.46

Margin status
  Negative
  Positive

99 (90)
11 (10)

50 (91)
5 (9)

0.85

Chemotherapy indicated
  Yes
  No
  Unknown

83 (75)
25 (23)

2 (2)

40 (73)
13 (24)

2 (4)

0.76

Operation
  LAR
  APR
  Open
  Laparoscopic
  HALS
  Robotic

88 (80)
22 (20)
77 (70)
28 (25)

5 (5)
0 (0)

41 (75)
14 (25)
41 (75)
12 (22)

2 (4)
0 (0)

0.42
0.83

Radiation
  Preoperative
  Postoperative
  Pre- and postoperative
  None

82 (75)
14 (13)

4 (4)
10 (9)

39 (71)
6 (11)
3 (5)
7 (13)

0.82

Complications
  Grade Ib

  Grade II
  Grade III
  Grade IV
  Grade V

27 (25)
14

9
3
1
0

24 (44)
9
7
8
0
0

0.01

Reoperation 4 (4) 6 (11) 0.07
Length of stay, days
  0–4
  5–7
  ≥8

21 (19)
62 (56)
27 (25)

12 (22)
21 (38)
22 (40)

0.06

Hospital readmission 5 (5) 11 (20) 0.002
Discharge disposition
  Skilled facility
  Home with assistance
  Home

1 (1)9 (8)
100 (91) 1 (2)

7 (15)
47 (85)

0.56

APR = abdominoperineal resection; HALS = hand-assisted laparoscopic surgery; LAR = low anterior resection.
a Comorbidity indicates the presence of any of the following comorbid conditions: diabetes mellitus, smoking, dyspnea, preoperative functional status, ventilator depen-
dence, chronic obstructive pulmonary disease, ascites within 30 days before surgery, congestive heart failure within 30 days before surgery, antihypertensive medications, 
acute renal failure, hemodialysis dependence, disseminated cancer, open wound, steroid/immunosuppressive medication use, body weight loss >10% in 6 months before 
surgery, bleeding disorder, transfusion of red blood cells within 72 hours before surgery, and sepsis within 48 hours before surgery.
b Complications graded by using Clavien-Dindo Classification.16
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plications who received delayed chemotherapy (n = 51) 
was 59.1 months (95% CI, 13.1–105.1). Figure 3B dem-
onstrates overall survival in patients without complica-

tions who received chemotherapy at both time points. the 
median survival for patients without complications in the 
delayed chemotherapy group (n = 113) was 78.7 months 
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FIGURE 3. A, Overall survival in patients who had postoperative complications and received postoperative chemotherapy at <8 weeks and 
≥8 weeks. B, Overall survival in patients without postoperative complications who received postoperative chemotherapy at <8 weeks and 
≥8 weeks. C, Overall survival in patients who received postoperative chemotherapy at <8 weeks with and without complications. D, Overall 
survival in patients who received postoperative chemotherapy at ≥8 weeks with and without complications.
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(unable to calculate 95% Ci). figures 3C and 3D show 
overall survival in patients with and without complica-
tions in the subset of patients who received chemotherapy 
on time (n = 109) and those whose chemotherapy was de-
layed (n = 55). in the delayed group, the median survival 
for patients without complications was 78.7 months in 
comparison with 59.1 months in patients with complica-
tions (95% Ci, 13.1–105.1). these data show that the risk 
of death was significantly greater for patients with compli-
cations who received adjuvant chemotherapy at ≥8 weeks 
compared with <8 weeks. in patients without complica-
tions, a similar trend in worse overall survival at ≥8 weeks 
was observed, but it lacked statistical significance. Com-
plications did not have an effect on overall survival when 
comparing patients who received chemotherapy in a simi-
lar time frame whether it was received on time or delayed.

Long-term Outcomes With Delayed Chemotherapy
figure 4 demonstrates local and distant recurrence-free sur-
vival in patients who received adjuvant chemotherapy at <8 
weeks and later than 8 weeks following surgery (n = 165). 
the median time to local recurrence in the patients who 
received chemotherapy on time was 195.8 months, and 
in patients who received delayed therapy the median time 
to recurrence was 142.1 months (95% Ci, 107.6–176.6). 
 figure 5 shows overall survival in patients who received che-
motherapy before and after 8 weeks (n = 165). the median 
survival in patients who received delayed chemotherapy was 
77.5 months (95% Ci, 53.1–101.9). a Cox regression analy-
sis was performed with the following potential cofounders: 
timing of chemotherapy, pathologic stage, margin status, 
neoadjuvant chemotherapy, comorbidity and postopera-
tive complications; delays in chemotherapy remained a sig-
nificant predictor of survival, local recurrence ,and distant 
recurrence (table 3). these data suggest that delays in che-
motherapy ≥8 weeks are associated with worse disease-free 
and overall survival.

DISCUSSION

the aim of this study was to describe the timing of che-
motherapy in patients who have rectal cancer, risk fac-
tors for delayed therapy, and the differences in outcomes 
in patients who received adjuvant chemotherapy on time 
compared with delayed. We found that postoperative 
complications are associated with delays in chemotherapy 
and worse overall survival in patients with rectal cancer. 
We also identified the differences in recurrence-free sur-
vival and overall survival in patients who received chemo-
therapy ≥8 weeks after surgery for rectal cancer.

We found a significant association between postopera-
tive complications and delays in postoperative chemother-
apy. a similar relationship has been previously described 
in patients with colon cancer,2 but to our knowledge this 
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FIGURE 4. A, Local recurrence-free survival in patients who 
received postoperative chemotherapy at <8 weeks and ≥8 weeks. 
B, Comparison of distant recurrence-free survival in patients who 
received postoperative chemotherapy at <8 weeks and ≥ 8 weeks.



teVis et al: ReCtal CanCeR ComPliCations ChemotheRaPy1346

association has never been established in patients with 
rectal cancer. other authors have identified patient char-
acteristics as risk factors for delays in chemotherapy such 
as older age, low socioeconomic status, medical comor-
bidities, and single status.7–12 We did not uncover an asso-
ciation between age or medical comorbidities and delayed 
chemotherapy in our study. other studies that identified 
patient age and comorbidities as risk factors for delayed 
therapy12,14 were performed in older patients (>65 years 
of age), which may explain this discrepancy. the patient 
population in our study was relatively young, average age 
60, and had very little comorbidity.

it has been well established in the literature that delay-
ing chemotherapy more than 8 to 12 weeks has resulted in 

worse overall survival in patients who have colorectal can-
cer.11–15 We not only identified an association between the 
administration of chemotherapy ≥8 weeks after surgery 
and overall survival, but also a significant association be-
tween delayed therapy and disease-free survival. Cheung 
et al12 and hershman et al,14 both using the surveillance 
epidemiology and end Results database, also found worse 
overall and disease-free survival in patients with rec-
tal cancer who received delayed adjuvant chemotherapy 
>12 weeks. other authors who have found differences in 
overall survival have not found differences in disease-free 
survival.11,15 these differences in outcomes may reflect dif-
ferent patient populations, different disease stages, and the 
fact that previous studies have not been performed exclu-
sively in patients with rectal cancer.

interestingly, patients in this study who received de-
layed chemotherapy had significantly higher incidences 
of local recurrence in comparison with patients who re-
ceived chemotherapy on time. historically, radiation ther-
apy and total mesorectal excision have been credited with 
decreasing local recurrence in patients with rectal cancer, 
not chemotherapy.17–19 if this finding could be replicated 
in a larger multicenter patient population, it may provide 
evidence for narrowing adjuvant therapy to chemotherapy 
alone with an emphasis on administering therapy within 
8 weeks of surgery.

although our findings that postoperative complica-
tions are associated with worse patient outcomes were 
not unexpected, we were interested in trying to elucidate 
the mechanism in which complications correlate with 
worse disease-free and overall survival. We hypothesized 
that postoperative complications would lead to delays in 
chemotherapy resulting in worse disease-free and over-
all survival. Postoperative complications were found to 
significantly correlate with delays in chemotherapy in 
univariate analysis in this study. of patients with compli-
cations, those who had delays in chemotherapy had worse 
overall survival, suggesting that delay in chemotherapy 
is what ultimately affects longer-term outcomes. Patients 
without complications were also found to have worse 

TABLE 3.   Overall survival in patients who received postoperative chemotherapy (Cox regression analysis)

p OR 95% CI

Timing of chemotherapya 0.001 3.123 1.605–6.078
Preoperative chemotherapy 0.137 1.875 0.819–4.292
Margin status 0.006 3.736 1.454–9.599
Pathologic stage
  1
  2
  3
  4

0.004
0.845
0.683
0.103

0.137
0.894
0.833
3.800

0.035–0.539
0.290–2.751
0.347–2.001
0.763–18.922

Comorbidityb 0.031 2.117 1.069–4.195
Postoperative complication 0.009 2.514 1.255–5.035

aChemotherapy ≥8 weeks postoperatively in comparison with <8 weeks.
b Presence of any of the comorbid conditions listed in Table 2.
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FIGURE 5. Overall survival in patients who received postoperative 
chemotherapy at <8 weeks and ≥8 weeks.
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overall survival with delayed chemotherapy, which did not 
reach statistical significance. Complications did not sig-
nificantly affect overall survival in patients who received 
chemotherapy during similar time periods following sur-
gery. this leads us to believe that postoperative complica-
tions indirectly influence outcomes by leading to delays in 
chemotherapy administration.

We acknowledge that there are many possible con-
founding factors associated with mortality and recurrence 
rates in this patient population. although we took into 
consideration some potential confounding factors using 
Cox regression analysis, there are likely many more patient 
and tumor factors that influence long-term outcomes in 
patients with rectal cancer. We were also unable to ascer-
tain the duration of chemotherapy in these patients, be-
cause many patients received treatment at other facilities. 
it would be interesting to know if patients who undergo 
delayed chemotherapy are also less likely to complete a full 
course of therapy. We hypothesize that shortened courses 
of chemotherapy would be associated with worse out-
comes in these patients. future studies in a larger patient 
population would be useful to further assess the impact 
of surgeon and patient factors, as well as the duration and 
completion of chemotherapy on outcomes in patients 
with rectal cancer.

this study has limitations inherent to a retrospective 
database review and may not account for patient variables 
that were not recorded in our institutional rectal cancer 
database. for example, this database did not capture ex-
planations for why chemotherapy was delayed, and only 
18 different categories of postoperative complications 
were recorded. We were also not able to capture complete 
data on all patients during the study period, although the 
timing of chemotherapy was known for 90% of our study 
patients. the study was performed at a single institution in 
a small number of patients which may limit the generaliz-
ability of the results. a potential source of bias stems from 
the lack of protocols to determine which patients received 
chemotherapy with 26% of patients who received chemo-
therapy lacking indications as defined by this study. the 
inclusion of these patients may therefore overestimate the 
impact of delays. on the other hand, we have not included 
patients for whom chemotherapy was omitted, which may 
underestimate the effects of delays. finally, the study pop-
ulation was not large enough to further classify complica-
tions in an effort to identify which specific complications 
lead to delays.

CONCLUSION

We have demonstrated an association between postopera-
tive complications and delays in chemotherapy ≥8 weeks 
in patients with rectal cancer. We have also shown that 
delaying therapy influences long-term outcomes in these 

patients. further studies are needed to identify which 
postoperative complications are most likely to lead to de-
lays in therapy and to further analyze why patients receive 
chemotherapy late in an effort to improve long-term out-
comes in patients with rectal cancer.
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