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Can patients with rectosigmoid cancer wait  
for surgery? The association of time to surgery 
with patient outcomes

Background: Given the limitations of available literature, recommended time tar-
gets for cancer treatment are based on expert opinion. In this study, we investigated 
the association of time to surgery and important clinical outcomes in patients who 
underwent surgery for primary rectosigmoid cancer.

Methods: We conducted a retrospective cohort study of patients who underwent 
nonemergent curative-intent resection for rectosigmoid cancer at a tertiary aca-
demic hospital system between January 2002 and June 2018. We fit multivariable 
regression models using restricted cubic splines to assess for a nonlinear association 
of time to surgery with overall survival, disease-free survival and major 30-day post-
operative complications.

Results: A total of 714 patients met the inclusion criteria. The median time to sur
gery was 49 days. A nonlinear association of time to surgery was not observed with 
overall survival (nonlinearity p = 0.09), disease-free survival (nonlinearity p = 0.06) or 
major complications at 30 days (nonlinearity p  = 0.8). Secondary analysis excluding 
patients who underwent neoadjuvant therapy showed no association between time to 
surgery and survival (p  = 0.2). Analyses when assessing for linear associations and 
when dichotomizing time to surgery into early (<  60  d) and late (≥  60  d) groups 
showed no association with overall survival.

Conclusion: In a tertiary cancer centre where clinical triaging is possible, there was 
no association of time to surgery with oncologic surgical outcomes in patients treated 
for primary rectosigmoid cancer. Within specialized cancer centres in a universal 
health care model, at least for the time-to-surgery durations observed in our cohort, 
differences in time to surgery are unlikely to affect important clinical outcomes.

Contexte : Étant donné le manque de sources sur lesquelles on pourrait formuler 
des recommandations quant au meilleur moment pour instaurer un traitement 
anticancer, les objectifs se fondent actuellement sur l’opinion des spécialistes. Dans 
la présente étude, nous avons analysé le lien entre l’intervalle préchirurgical et cer-
tains importants paramètres cliniques postopératoires dans la chirurgie pour cancer 
rectosigmoïdien primaire.

Méthodes : Nous avons procédé à une étude de cohorte rétrospective sur la résection 
à visée curative non urgente pour cancer rectosigmoïdien dans un centre hospitalier 
universitaire de soins tertiaires entre janvier 2002 et juin 2018. Nous avons conçu des 
modèles de régression multivariés fondés sur des splines cubiques pour vérifier la 
présence d’un lien non linéaire entre l’intervalle préchirurgical et la survie globale, la 
survie sans maladie et les complications postopératoires majeures à 30 jours.

Résultats  : En tout, 714 cas respectaient les critères d’inclusion. L’intervalle 
préchirurgical moyen a été de 49 jours. Nous n’avons pas observé de lien non linéaire 
entre l’intervalle préchirurgical et la survie globale (non-linéarité p = 0,09), la survie 
sans maladie (non-linéarité p = 0,06) ou les complications majeures à 30 jours (non-
linéarité p = 0,8). L’analyse secondaire, à l’exclusion des cas de traitement néoadjuvant, 
n’a montré aucun lien entre l’intervalle préchirurgical et la survie (p = 0,2). L’analyse 
des liens linéaires et de la dichotomisation de l’intervalle préchirurgical entre intervalle 
court (< 60 j) et long (≥ 60 j) n’a révélé aucun lien avec la survie globale.

Conclusion : Dans un centre d’oncologie tertiaire où il est possible de procéder à un 
triage clinique, on n’a noté aucun lien entre l’intervalle préchirurgical et les paramètres 
postopératoires en chirurgie oncologique pour le cancer rectosigmoïdien primaire. 
Dans les centres d’oncologie spécialisés liés à un système de santé universel, du moins 
pour les intervalles préchirurgicaux observés dans notre cohorte, la durée de l’intervalle 
est peu susceptible d’affecter les paramètres cliniques postopératoires importants.
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T here is a perception that rapid initiation of cancer 
treatment improves outcomes.1–4 However, the 
relation between time to treatment and oncologic 

outcome varies by cancer type.5–7 In colorectal cancer, 
studies investigating the association of wait time with out-
comes have given conflicting results.5,8–11 Contradictory 
results may be simply due to arbitrary categorization, 
ignoring the nonlinear continuous nature of the time-to-
treatment variable.12–14 The practice of categorizing con-
tinuous variables carries the risk of inaccurate, misleading 
and possibly equivocal results.14–19

The unique complexity of surgical resection of low 
left-sided colorectal cancers compared to right-sided 
resections is well known. These patients often require 
more operative time, have increased postoperative mor-
bidity and reoperation rates, have prolonged hospital 
length of stay and require more intensive preoperative 
investigations.20–22 Thus, decision-making pertaining to 
delays in time to treatment for rectosigmoid cancers 
may be uniquely affected, and investigation is para-
mount. For this reason, at a time when operating room 
use is limited and triage decision-making is critical 
owing to COVID-19-induced limitations, we sought to 
investigate the unique association of time to surgery 
with overall survival, disease-free survival and post
operative complications in patients undergoing surgery 
for primary rectosigmoid cancer, for cohorts including 
and excluding patients undergoing neoadjuvant treat-
ment, within specialized cancer centres in a universal 
health care model. We treated time as a nonlinear 
continuous variable to avoid the pitfalls seen in previ-
ously published studies that treated time as a linear or 
categorical variable.5,8,11

Methods

This study was approved by the University Health Net-
work Research Ethics Board and is reported in accordance 
with the RECORD statement.23

Study cohort and data sources

We identified all patients who underwent surgical resec-
tion for primary rectosigmoid cancer between January 
2002 and June 2018 at a tertiary academic hospital system. 
We excluded patients who received emergency operations, 
those without 30-day follow-up data available, and those 
who did not have curative-intent surgery. Data were 
extracted from institutional prospectively maintained data-
bases, the electronic medical record, the American College 
of Surgeons National Surgical Quality Improvement Pro-
gram database (ACS NSQIP) and an internal cancer regis-
try (eCancerCare).24 Two researchers (H.A.Q., A.D.) 
abstracted and collated data from these sources, with ongo-
ing data quality checks.

Baseline covariates collected were age, sex, American 
Society of Anesthesiologists (ASA) classification and 
comorbidities. Tumour characteristics included stage 
from the 7th edition of the AJCC Cancer Staging Manual, 
TNM classification from surgical pathology reports and 
tumour location from operative reports. Tumour loca-
tion was characterized as rectosigmoid (above the peri
toneal reflection) or rectum (below the peritoneal reflec-
tion). Oncologic data included receipt and timing of 
chemotherapy and radiotherapy, dates of therapy com-
mencement and completion, and surgical approach.

We defined time to surgery as the duration from diag-
nosis date to date of surgery. We identified the date of 
diagnosis as defined by the date of colonoscopy with con-
firmed pathologic diagnosis from the eCancerCare data-
base, and date of surgery from the operative report in the 
electronic medical record. For patients who received neo-
adjuvant treatment, we identified dates of chemoradiother-
apy initiation and completion, and, per institutional guide-
lines, added 8 weeks of planned delay to this to adequately 
quantify the complete neoadjuvant treatment period. For 
quantifying time to surgery for patients who received neo-
adjuvant treatment, we subtracted the neoadjuvant treat-
ment and delay period.

Outcomes assessment

Outcomes of interest were overall survival, disease-free 
survival and rate of 30-day major postoperative complica-
tions. We defined overall survival as time from surgery to 
death from any cause, determined from the medical record 
and the eCancerCare registry. We defined disease-free 
survival as time from surgery to death from any cause, or 
cancer recurrence, using a standard surveillance regimen. 
We classified major postoperative complications within 
30 days of surgery as Clavien–Dindo class  III–V.25,26 We 
used the ACS NSQIP database to identify postoperative 
complications.

Statistical analysis

We summarized baseline patient characteristics, tumour 
characteristics and oncologic treatment data using descrip-
tive statistics. We fit multivariable models to assess the 
association of time to surgery with each outcome. For our 
time-to-event outcomes of overall survival and disease-free 
survival, we fit multivariable Cox models, and for major 
complications, we fit multivariable logistic regression 
models, adjusted for age, tumour site, comorbidities, stage, 
neoadjuvant therapy and adjuvant therapy.27,28

We included time to surgery as a nonlinear continuous 
variable using restricted cubic splines to avoid making 
assumptions about the linearity of the relation of time to 
surgery with outcomes.12–14 For comparison with prior lit-
erature, we also fit a linear model of time to surgery with 
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outcomes, as well as identified an inflection point in the 
function of time to surgery with outcomes to serve as a 
cut-point to dichotomize the time variable. Because neo
adjuvant treatment and stage IV disease may alter clinical 
outcomes, we conducted 2  sensitivity analyses to exclude 
each set of patients.

We conducted the statistical analysis in R Studio (version 
1.1.456, R Foundation for Statistical Computing). A 2-tailed 
p value < 0.05 was considered statistically significant.

Results

We identified 714 patients who underwent nonemergent 
oncologic resection with curative intent for primary recto-
sigmoid cancer (Figure 1). Outcome variables were avail-
able for all patients. Patient characteristics, tumour charac-
teristics and oncologic treatments are shown in Table 1. 
Figure 2  shows the distribution of time to surgery. The 
median time to surgery was 49 (interquartile range [IQR] 
29–70) days. Of the 714 patients, 215 (30.1%) had a com-
plication, including 68 (9.5%) with major complications 
(Clavien–Dindo class  III–V) in the 30 days after surgery. 
The median follow-up time for survival assessment was 
60 (IQR 25–111) months. During this follow-up period, 
120 patients (16.8%) had a recurrence, 216 (30.2%) died, 
and 259 (36.3%) had a recurrence or died.

For overall survival, our first multivariable Cox model 
included time to surgery as a nonlinear continuous variable 

Fig. 1. Flow diagram showing study cohort selection.

Patients with primary sigmoid or rectal 
cancer treated with resection, 2002–2018

n = 792

Patients undergoing elective surgery
n = 747

Patients undergoing elective surgery
with complete follow-up

n = 741

Patients undergoing elective surgery
with curative intent

n = 714

Excluded: patients undergoing 
emergency surgery  n = 45

Excluded: patients without 
complete follow-up n = 6

Excluded: patients undergoing
surgery without curative intent  
n = 27

Table 1. Baseline patient and tumour characteristics, and 
oncologic treatments

Characteristic
No. (%) of patients* 

n = 714

Patient characteristics

Age, median (IQR), yr 66 (56–74)

Sex

    Female 284 (39.8)

    Male 430 (60.2)

ASA class

    I 21 (2.9)

    II 170 (23.8)

    III 245 (34.3)

    IV 39 (5.5)

    Unknown 239 (33.5)

Comorbidities

    Coronary artery disease 90 (12.6)

    Hypertension 337 (47.2)

    Chronic obstructive pulmonary disease 57 (8.0)

    Diabetes mellitus 134 (18.8)

Tumour characteristics

Site of primary

    Rectosigmoid 376 (52.7)

    Rectum 338 (47.3)

Pathological stage

    AJCC 0 (after neoadjuvant therapy) 30 (4.2)

    AJCC I 172 (24.1)

    AJCC II 196 (27.4)

    AJCC III 225 (31.5)

    AJCC IV 85 (11.9)

    Unknown 6 (0.8)

Pathological tumour stage

    T0 25 (3.5)

    Tis 95 (13.3)

    T1 127 (17.8)

    T2 385 (53.9)

    T3 76 (10.6)

    T4 5 (0.7)

    Unknown 1 (0.1)

Pathological nodal stage

    N0 411 (57.6)

    N1 200 (28.0)

    N2 98 (13.7)

    Unknown 5 (7.0)

Metastasis

    M0 629 (88.1)

    M1 85 (11.9)

Oncologic treatments

Surgical approach

    Open 415 (58.1)

    Minimally invasive 291 (40.8)

    Unknown 8 (1.1)

Neoadjuvant therapy 188 (26.3)

Adjuvant chemotherapy 371 (52.0)

AJCC = AJCC Cancer Staging Manual, 7th edition; ASA = American Society of 
Anesthesiologists; IQR = interquartile range. 
*Except where noted otherwise.
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Fig. 3. Restricted cubic spline modelling of the relation between time to surgery and overall survival. The log of the hazard ratio (HR) 
derived from the multivariable Cox model including time using restricted cubic splines is shown on the y-axis versus time to surgery. 
The adjusted model includes age, tumour site, comorbidities, stage, neoadjuvant therapy and adjuvant therapy. Shaded area represents 
95% confidence intervals of the adjusted HRs.
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using restricted cubic splines adjusted for age, tumour site, 
comorbidities, stage, neoadjuvant therapy and adjuvant 
therapy. The relation of time to surgery with overall sur-
vival is shown in Figure 3. A nonlinear association of time 
to surgery and overall survival was not observed (p = 0.09). 
We conducted 2  sensitivity analyses excluding patients 
with stage  IV cancer (n  = 91) and those who underwent 
neoadjuvant therapy (n = 188), and the results also showed 
no nonlinear association between time to surgery and 
overall survival (p = 0.09 and 0.2, respectively). In our sub-
sequent analyses using time as a linear variable and as a 
dichotomized variable, associations with overall survival 
were similarly not observed (Figure 4 and Figure 5). 
Restricted cubic splines model visually identified a nadir 
cut-point for time to surgery at 60 days, which was used 
for the dichotomized variable analysis (Figure 6).

The results were similar for disease-free survival and 
major complications. A nonlinear association of time to 
surgery and disease-free survival was not observed (non
linear p = 0.06). Associations with disease-free survival and 
major complications were also not observed when time was 
treated as a linear or dichotomized variable.

Discussion

The importance of time to surgery is pressing in the set-
ting of increasingly strained health care resources, espe-

cially in the context of a global pandemic. Accordingly, 
surgeons and health care administrators have been 
encouraged to find evidence to support challenging triage 
decision-making.29 In this study, associations of time to 
surgery with overall survival, disease-free survival or 
major complications were not observed in patients who 
underwent nonemergency curative-intent resection of 
primary rectosigmoid cancer at tertiary academic cancer 
centres in a universal health care model. This was true 
when time was appropriately treated as a nonlinear con-
tinuous variable to avoid arbitrary categorization and 
assumptions of linearity of the time variable. Our findings 
were also consistent in secondary analyses treating time 
as a linear and dichotomized variable, and when patients 
with stage IV disease and those who had had neoadjuvant 
therapy were excluded in sensitivity analyses. In special-
ized cancer centres within a universal health care model, 
differences in time to surgery are unlikely to affect 
important clinical outcomes, at least for the durations of 
time to surgery observed in our cohort, with a median of 
49 days.

Although surgeons have been trained to appropriately 
triage and prioritize their patients, our findings can help 
to reassure surgeons and their patients that delays in sur-
gery owing to system- or patient-dependent factors do not 
result in clinically significant changes in patient outcomes. 
We encourage physicians and surgeons, especially those in 

Fig. 4. Linear modelling of the relation between time to surgery and overall survival. The log of the hazard ratio (HR) derived from the 
multivariable Cox model including time as a linear variable is shown on the y-axis versus time to surgery. The adjusted model 
includes age, tumour site, comorbidities, stage, neoadjuvant therapy and adjuvant therapy. Shaded area represents 95% confidence 
intervals of the adjusted HRs.
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single-payer health care systems, to use these results to 
support evidence-based care plans for patients with recto-
sigmoid cancer and enable more appropriate resource 
allocation during times of crisis. It is important to 

acknowledge that curative-intent therapy for rectosigmoid 
cancer depends on the eventual delivery of surgical care. 
In addition, the present analysis excludes patients requir-
ing emergency resection; thus, symptomatic presentation 

Fig. 5. Overall (A) and disease-free (B) survival for the early (< 60 d) and late (≥ 60 d) time to surgery groups. The adjusted models 
included age, tumour site, comorbidities, stage, neoadjuvant therapy and adjuvant therapy. Adjusted hazard ratios (HRs) are shown.
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may warrant more urgent surgical management than sug-
gested by our findings.

Prior studies that categorized time have shown associ-
ations of time to surgery with survival. In a prospective 
population-based Danish study, Iverson and colleagues8 
selected a 60-day threshold for analysis and found poorer 
survival in patients with rectal cancer who waited 60 days 
or more than in those who waited less than 60  days; 
however, there was no such association in patients with 
colon cancer. Those authors selected the 60-day thresh-
old based on results from a previous study identifying 
day  60 as a clinically significant cut-point.30 In a study 
from the United States, the authors arbitrarily separated 
time to surgery into 30-day intervals and identified opti-
mal survival in patients who waited less than 30 days for 
their operation.11 Conversely, the authors of an Ontario-
based population study used a guideline-recommended 
target for time to surgery of 42 days to dichotomize the 
time variable and observed no association with survival.10 
An expedited 2-week diagnosis-to-treatment pathway 
was investigated in several single-institution retrospec-
tive studies: 2 studies showed no association of wait time 
with survival at 2 and 5  years, and 1 showed longer 
median survival with the 2-week pathway.9,31,32 Thus, 
treating time as a categorical variable has led to a wide 
range of results in both population-based and single-
centre studies. Two studies of time to surgery in colon 
cancer treating time as a categorical variable and based 
on the US National Cancer Database showed increasing 
hazard of death with time to surgery greater than 40 days 
and 60 days, respectively.11,33 For many of these studies, 
discrepancies with our results may be due to the hetero-
geneity of colon cancer phenotypes in the patient 
cohorts, as well as varying methodologic use of the time-
to-surgery variable.

Limitations

Limitations of our study include those inherent to 
all  retrospective studies. To mitigate the risk of meas
urement bias, we used several independent, reliably 
abstracted databases.24 We used regression analysis to 
adjust for potential confounders, but adherence to neo-
adjuvant treatments, toxic effects from neoadjuvant 
treatment, preoperative functional impairment or frailty, 
and delays owing to personal or logistic reasons could 
not be included in the adjustment. Residual confounding 
due to unmeasured covariates may be present, but this is 
more likely to result in an overestimation of associations 
rather than a null effect. This cohort was sampled from 
a single tertiary care centre, and, given the relatively 
small sample and unique practice setting, these results 
may not be wholly generalizable to other settings. It is 
possible that other outcomes not assessed in this study, 
including patient-reported outcomes such as satisfac-

tion, quality of life, symptom burden, fear, cancer-
related distress and psychologic well-being, are associ-
ated with time to surgery; these ought to be investigated 
in future studies.

It was not known whether the association of time to 
surgery with outcomes would differ based on receipt of 
neoadjuvant treatment. We strived to address this con-
cern through 2 modifications in our analysis: first, when 
calculating time to surgery for this patient population, 
we subtracted the neoadjuvant therapy duration and an 
additional 8  weeks of planned delay per institutional 
standards to appropriately estimate the delay caused by 
neoadjuvant therapy; second, we conducted sensitivity 
analyses excluding patients who underwent neoadjuvant 
therapy to assess for any implications on our results; the 
results were consistent with no association between 
time to surgery and survival and postoperative morbid-
ity outcomes.

The study population consisted of patients with recto-
sigmoid adenocarcinoma (as determined by the operat-
ing surgeon), the exact definition of which has been 
debated recently in the literature.34 Although many sur-
geons are now calling for strict anatomic definitions, 
there is no consensus. In this study, we deferred to the 
operative notes of the operating surgeon to identify 
which patients had undergone a resection for “rectosig-
moid cancer”; however, we could not give a clearer def
inition beyond this.

Conclusion

For patients treated with curative-intent resection for pri-
mary rectosigmoid cancer, no association existed between 
time to surgery and overall survival, disease-free survival or 
major 30-day postoperative complications. These results 
were consistent when time was treated as a nonlinear, 
linear and dichotomized variable. Our results may reassure 
health care providers and patients about increasing wait-
times, and can provide surgeons and health care adminis-
trators some degree of confidence that this patient cohort 
can withstand moderate delays in treatment without qual-
ity of care being compromised. Within specialized cancer 
centres in a universal health care model, at least for the 
time-to-surgery durations observed in our cohort, differ-
ences in time to surgery are unlikely to affect important 
clinical outcomes.
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