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Abstract

Purpose The relationship between emergency colon cancer resection and long-term oncological outcomes is not well under-
stood. Our objective was to characterize the impact of emergency resection for colon cancer on disease-free and overall patient
survival.

Methods Data on patients undergoing resection for colon cancer from 2006 to 2015 were collected from a prospectively
maintained clinical and administrative database. The median follow-up time was 4.4 years. Cox proportional hazards models
were used to estimate the hazard ratios for recurrence and death for patients treated with surgery for an emergent presentation.
Differences in initiation of, and timeliness of, adjuvant chemotherapy between emergently and electively treated patients were
also examined.

Results Of the 1180 patients who underwent resection for stages I, II, or III colon cancer, 158 (13%) had emergent surgery. After
adjustment for patient, tumor, and treatment characteristics, the HR for recurrence was 1.64 (95% CI 1.12-2.40) and for death
was 1.47 (95% CI 1.10-1.97). After adjustment for tumor characteristics, patients who underwent emergency resection were
similarly likely to receive adjuvant chemotherapy (OR 1.1; 95% CI 0.70—1.76). The time from surgery to initiation of adjuvant
chemotherapy was also similar between the groups.

Conclusions Emergency surgery for localized or regional colon cancer is associated with a greater risk of recurrence and death.
This association does not appear to be due to differences in adjuvant treatment. A focus on screening and colon cancer awareness
in order to reduce emergency presentations is warranted.
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Introduction

Colorectal cancer (CRC) is a major cause of cancer-related
mortality worldwide. Survival is mainly dependent on disease
stage, and modern treatment of patients with localized or re-
gional disease achieves 70-90% 5-year survival [1]. Despite
improvements in prevention and early detection, previous
studies report that emergency presentation of colorectal can-
cer, including obstruction, perforation, and hemorrhage, com-
prises 26% of all colorectal cancer presentations [2].
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The healthcare burden of emergent CRC presentation is
considerable. Patients who undergo emergency surgery spend
greater than 50% more days in hospital than those who do not
and healthcare costs are significantly higher for their treatment
[3]. Moreover, these patients may be at significantly higher
risk of worse short- and long-term survival outcomes. Several
studies have shown that postoperative morbidity is more com-
mon following emergent surgery compared to elective sur-
gery, with higher rates of medical and surgical complications
[4—6]. This has been associated with a greater need for re-
operation, longer hospital stay, and an observed perioperative
mortality incidence that is four to ten times higher amongst
emergently treated individuals [2, 4, 7-17].

An association between emergency surgery and long-term
outcomes is less well established. While it is clear that overall
mortality is higher for those treated emergently, it remains
unknown whether the surgical nature itself predisposes pa-
tients to lower long-term survival even after considering
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differences in patient characteristics [10, 11, 18, 19]. Recent
studies with conflicting results have contributed to the uncer-
tainty. A single-center cohort study which accounted for dif-
ferences in patient characteristics using propensity score
matching found no evidence of worse oncologic outcomes
after urgent operation for colorectal cancer [20]. In contrast,
a study using data from the National Cancer Data Base found
that emergent colectomies were associated with 13% greater
hazard of overall mortality, but disease-free survival was not
examined [21].

Further investigation of the relationship between emergen-
cy surgery for colon cancer and oncological outcomes is war-
ranted. If those who undergo emergency surgery have earlier
tumor recurrence and lower survival after adjustment for dif-
ferences in patient and tumor characteristics, then resources
should be better directed towards screening for symptoms of
impending colonic obstruction, bleeding, or perforation, as
well as timely adjuvant treatment, follow-up, and cancer sur-
veillance. Using our institutional colorectal cancer database,
we conducted an observational study comparing the long-term
survival of emergently and electively treated patients.

Methods
Study population and design

Data was prospectively collected in a clinical and administra-
tive database maintained at the London Regional Cancer
Centre in London, Ontario, Canada. The database was de-
signed for administrative and research purposes with approval
of the Western University Research Ethics Board (REB), and
this specific study was also approved. Demographic, diagnos-
tic, pathologic, treatment, and follow-up data on patients who
underwent surgical resection for colorectal cancer from 2006
until present is included within the database. Follow-up data is
recorded during routine follow-up appointments. If patients
failed to attend the appointments, attempts were made to con-
tact their family physician in order to determine whether re-
currence or death had occurred. Quarterly quality assessment
data checks and random chart audits are routinely performed
to ensure accuracy of the data.

For this study, we took a subset cohort from the institution-
al database over a 10-year period (2006-2015) to ensure com-
plete treatment and postoperative data for all cohort patients.
The database included patients who underwent resection with
curative intent for colon cancer, excluding those with rectal
cancer and those who underwent diversion (i.e., ileostomy,
colostomy) without resection of the tumor. We excluded all
of the patients who were identified as having a tumor located
in the rectum, those who underwent an abdominoperineal re-
section, and those who received neoadjuvant chemotherapy or
radiation. We limited the study to patients who completed
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staging, and who had stages I, II, and III cancer. From an
initial database containing 2253, the final cohort for analysis
included 1180 patients, 158 (13%) of whom underwent emer-
gency resection (Fig. 1).

Variables

Exposure was defined as having an emergency colon resection
for obstruction, intestinal bleeding, and/or perforation caused
by colon cancer, as recorded by the surgeon. Unexposed indi-
viduals were those who underwent an electively scheduled
operation for colon cancer. The primary outcome was
disease-free survival. Disease-free survival was defined as
the time from surgical resection to the date of cancer recur-
rence as diagnosed during surveillance or symptom-directed
investigations. Patients who died without recurrence or who
were lost to follow-up without evidence of recurrence were
censored on the date of death or date of last follow-up. The
secondary outcome was overall survival which was defined as
the time from surgical resection to the date of death, regardless
of cause.

A number of variables were considered as potential con-
founders of the relationship between emergent resection and
long-term survival. Various socioeconomic factors may be
associated with a greater tendency to require emergent
colectomy and may also impact survival [20-22]. We used
Forward Sortation Areas (FSAs), defined by the first three
digits of a patient’s postal code, in order to account for com-
plex differences in geographic, social, and economic charac-
teristics. Geographic-based measures, such as FSA, can be
used as surrogates for individual-level health disparities when
individual data is not available [23]. Emergent surgery is also
more likely for patients with advanced cancers, defined by
higher stage and potentially other high-risk pathologic fea-
tures [8, 20]. We therefore recorded information on various
pathological factors including stage, grade, lymph node yield,
lymphovascular invasion, venous invasion, and perineural in-
vasion. We also considered potential differences in treatment
including margin status and treatment with adjuvant chemo-
therapy and/or radiation.

Statistical methods

Characteristics for exposed and unexposed patients were tab-
ulated and compared descriptively, where patients who
underwent emergency surgery were termed “exposed” and
patients who underwent elective surgery were termed “unex-
posed.” Frequencies of margin positivity and inadequate
lymph node yield were compared using chi-squared tests of
independence. Unadjusted disease-free and overall survival
was estimated using the Kaplan-Meier method, stratified by
exposure status. Cox proportional hazards models, with strat-
ification by FSA, were used to estimate hazards ratios (HRs)
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All patients treated for
colorectal cancer from 2006-
2015

(n=2,253)

Emergency resection
(n=250)

Elective resection
(n=2,003)

Total excluded (n =92)
Rectal cancer (n = 18)
Recieved neoadjuvant (n = 0) —

Stage IV colon cancer (n = 74)

Adenoma on final pathology (n = 0)

Included
(n=158)

Fig. 1 Inclusion flow chart

for the primary and secondary outcomes. Stratification, rather
than regression adjustment, was performed for FSA so that the
proportional hazards assumption could be relaxed for FSAs,
and to improve efficiency of the model by reducing the num-
ber of parameters estimated. Models were also adjusted for
demographic, treatment, and pathologic characteristics.
Missing information for potential confounders (proportion of
missing data is displayed in Table 1) was considered missing
at random, conditional on values of other variables in the
dataset. Multiple imputation of continuous and categorical
variables was performed using additive regression,
bootstrapping, and predictive mean matching to impute 100
complete datasets on which the analyses were performed and
results combined [24, 25].

We used a logistic regression model, adjusted for tumor
characteristics (stage, grade, lymphovascular invasion, venous
invasion, and perineural invasion) to estimate the odds of re-
ceiving adjuvant chemotherapy, comparing emergently and
electively treated patients. A cox proportional hazards model

Total excluded (n =981)

Rectal cancer (n = 766)

Recieved neoadjuvant (n = 47)
Stage IV colon cancer (n = 109)

Adenoma on final pathology (n = 59)

Included
(n=1,022)

was used to compare time to initiation of adjuvant chemother-
apy from time of surgery.

All statistical analysis was performed using R Statistical
Software, Version 3.4.2.

Results

Between 2006 and 2015, there were 1180 patients who
underwent resection for stages I, II, or III colon cancer. Of
those patients, 158 (13%) had emergent surgery. Patient, tu-
mor, and treatment characteristics are displayed in Table 1.
The median follow-up time was 4.6 years.

Patients who required emergency resection tended to have
tumors with more advanced stage and worse pathologic fea-
tures. Margin positivity and proportion of patients with inad-
equate lymph node yields were similar in both groups (p =
0.23 and 0.27, respectively).
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Table 1 Characteristics of exposed and non-exposed

Nature of colon resection

Emergent Elective

No. subjects 158 1022
No. recurrences (%) 46 (29.1) 159 (15.6)
No. deaths (%) 81 (51.3) 339 (33.2)
Characteristic

Age (y), mean (sd) 73.0 (12.7) 71.3 (11.7)
Gender (%)

Male 70 (44.3) 531 (52.0)

Female 88 (55.7) 491 (48.0)
Tumor stage (%)

I 5@3.2) 228 (22.3)

I 78 (49.4) 425 (41.6)

11 75 (47.5) 369 (36.1)
Tumor grade (%)

Poorly differentiated to undifferentiated 12 (7.6) 85 (8.3)

Well to moderately well differentiated 144 (91.1) 917 (89.7)

Missing 2(1.3) 20 (2.0)
Tumor location (%)

Proximal to splenic flexure 83 (52.5) 616 (60.3)

Distal to splenic flexure 73 (46.2) 398 (38.9)

Multiple 2(1.3) 8 (0.8)
Operation performed (%)

Hartmann’s operation 10 (6.3) 5(0.5)

Low anterior resection 14 (8.9) 176 (17.2)

Left hemicolectomy 8(5.1) 75 (7.3)

Right hemicolectomy 73 (46.2) 574 (56.2)

Sigmoid colectomy 7(4.4) 17 (1.7)

Subtotal colectomy 11 (7.0) 102 (10.0)

Segmental resection 35(22.2) 73 (7.1)
Lymphovascular invasion (%)

Yes 71 (44.9) 323 (31.6)

Missing 2(1.3) 53(5.2)
Venous invasion (%)

Yes 54 (34.2) 297 (29.1)

Missing 2(1.3) 18 (1.8)
Perineural invasion (%)

Yes 41 (25.9) 162 (15.9)

Missing 1 (0.6) 14 (1.4)
Margin status (%)

Any positive 11 (7.0) 45 (4.4)
No. lymph nodes removed, mean (sd) 24 (15) 22 (14)

< 12 lymph nodes harvested (%)

Yes 10 (6.3) 96 (9.4)
Adjuvant chemotherapy (%)

Yes 65 (41.1) 314 (30.7)
Adjuvant radiation (%)

Yes 8 (5.1) 22(2.2)
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The proportion of recurrences [46 (29%) vs. 159 (16%)]
and deaths [81 (51%) vs. 339 (33%)] during the entire follow-
up period was higher for patients who underwent emergency
resection compared to those who had elective surgery. The 5-
year disease-free survival for those who had emergency sur-
gery was 63% (95% CI 54-72%) compared to 83% (95% CI
81-86%) for patients who had elective surgery. Similarly,
those who had emergent resection had poorer 5-year overall
survival [50% (95% CI 42-59%) vs. 72% (95% C1 69-75%)].
Kaplan-Meier survival curves for disease-free and overall sur-
vival, stratified by exposure status, are displayed in Fig. 2.

In unadjusted analysis, the hazard ratio for recurrence was
2.34 (95% CI 1.68-3.24) for patients who underwent emer-
gency resection compared to those who had elective resection.
After adjustment for patient, tumor, and treatment character-
istics, the HR was 1.64 (95% CI 1.12-2.40). Similarly, pa-
tients who underwent emergency resection had poorer overall
survival with a HR of 1.47 (95% CI 1.10-1.97) even after
adjustment for confounding (Table 2).

We explored whether age modified the effect of emergency
resection on survival by examining whether continuous age
interacted significantly with the primary exposure in our fully
adjusted models. For both disease-free survival and overall
survival, there was no evidence of a significant interaction
with age.

We also examined whether there were differences in initi-
ation of adjuvant chemotherapy amongst emergently and elec-
tively treated patients. After adjustment for tumor characteris-
tics, patients who underwent emergency resection were not
significantly more likely to receive adjuvant chemotherapy
(OR 1.1;95% C10.70-1.76; p = 0.65). The time from surgery
to initiation of adjuvant chemotherapy was also similar be-
tween the groups with a median of 9.3 weeks (95% CI 9.0—
9.9 weeks) for electively treated patients, and 9.6 weeks (95%
CI 8.9-10.6 weeks) for emergently treated patients.

Discussion

This study identified that emergency resection for colon can-
cer was associated with worse long-term oncological out-
comes. Emergency surgery was a significant predictor of both
recurrence and death. Those treated emergently had similar
odds of receiving adjuvant chemotherapy and did not have
evidence of a delay to initiation of chemotherapy compared
to electively treated patients.

Our study has a number of strengths. The institutional da-
tabase represents all colorectal cancer patients treated in our
region and is updated regularly, with routine audits, and has a
high degree of accuracy. We were therefore able to collect data
on and adjust for several important pathological variables. We
were also able to account for potential differences in patient
characteristics due to stratification by postal code defined
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Table 2 Cox proportional

hazards models for the crude and Liver

adjusted association between

emergency resection and survival Model HR 95% CI p value
Recurrence-free survival
Crude 2.34 1.68-3.24 <0.001
Adjusted for place of residence® 232 1.64-3.29 <0.001
Additionally, adjusted for age and gender™® 238 1.68-3.37 <0.001
Additionally, adjusted for tumor and treatment characteristics™>“¢ 1.64 1.12-2.40 0.012
Overall survival
Crude 1.84 1.44-2.35 <0.001
Adjusted for place of residence® 191 1.46-2.49 <0.001
Additionally, adjusted for age and gender™® 1.79 1.37-2.34 <0.001
Additionally, adjusted for tumor and treatment characteristics™>4 1.47 1.10-1.97 0.010

# Stratified by Forward Sortation Area as defined by the first three digits of a patient’s postal code

® Adjusted for continuous age in months with restricted cubic splines and gender

¢ Adjusted for tumor stage, grade, lymphovascular invasion, venous invasion, perineural invasion, margin status,
type of operation performed, receipt of adjuvant chemotherapy, and receipt of adjuvant radiation

9 Missing values imputed with multiple imputation

regions as a surrogate for socioeconomic status. A patient’s
place of residence provides information on various socioeco-
nomic factors, as well as geographic ones such as distance to
the nearest healthcare facility, which could be associated with
reduced access to timely care.

The main limitations of this study are its observational
design and the potential for unmeasured confounding. While
we adjusted for place of residence as a proxy for socioeco-
nomic factors, we did not have access to individualized patient
data on socioeconomic status which may not be completely
captured within FSAs. We also did not have information avail-
able regarding co-morbidities which may confound the rela-
tionship between exposure and overall survival. Moreover,
while we designed the study to be limited to colon cancer
cases, it is possible that some patients with upper rectal tumors
were not excluded. Adjustment for procedure type, specifical-
ly low anterior resection, was intended to control for potential
differences in the distribution of patients with rectal tumors
amongst groups. Lastly, our exposure definition includes pa-
tients who were classified as emergently treated by the surgi-
cal team. As such, there may be some patients who had very
urgent, but not emergent, symptoms and were treated using
elective operating room resources and not captured as emer-
gency presentations, and the results of our study cannot be
generalized to them.

Although an observational design may result in bias due to
residual confounding, an experimental study addressing this
question is impossible, so improved data collection and gran-
ularity would be necessary in order to improve future analy-
ses. Since observational studies rely on exchangeability con-
ditional on confounders, it is questionable whether a causal
effect of emergency surgery on survival can be estimated.
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Patients who have sufficient causes requiring emergency sur-
gery cannot be treated electively, and those who do not have
the set of conditions which require emergency surgery will not
be treated emergently. As such, a study which is able to stratify
on all variables that indicate the need for emergency surgery
will not have electively and emergently treated patients within
the same strata. Nonetheless, associational relationships be-
tween emergency surgery and survival, and the factors, such
as timeliness of adjuvant therapy, which might drive such
associations, are important to determine in order to improve
the care of emergently treated patients.

We hypothesized that emergently treated patients may be
less likely to have an adequate oncological resection, receive
timely adjuvant chemotherapy, have routine surveillance in-
vestigations, and be more likely to present with tumors that
have aggressive pathological features not accounted for in our
statistical models. Further, more work is necessary in order to
understand the ways, if any, that tumors requiring emergency
treatment are biologically different than those treated
electively.

In our study, patients treated emergently were not signifi-
cantly more likely to have positive resection margins or an
inadequate lymph node harvest. Previous studies have shown
mixed results, with some reporting that patients undergoing
emergency surgery were more likely to have an inadequate
oncological resection [21, 26, 27]. Other studies examining
lymph node yields in emergency versus elective resections
corroborate the findings of this present study with no in-
creased risk of nodal understaging in emergency cases [20,
28]. Some investigators have also reported that patients un-
dergoing emergency surgery are less likely to receive adjuvant
therapy; however, our study does not support their findings
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since emergently treated individuals in our cohort had similar
odds of receiving adjuvant chemotherapy and similar time to
initiation of the treatment [29]. In the non-emergency surgery
group, the 9-week start time may be a system resource issue
relating to timely access to medical oncology consultation, as
it is longer than we would hope in the elective setting. This is a
current area of quality improvement in our center.

In the absence of evidence suggesting less timely or ade-
quate oncological treatment for patients who undergo emer-
gency surgery, resources would best be allocated towards im-
proving awareness of symptoms of impending colonic emer-
gencies and screening for polyps before cancers develop.
Implementation of a national bowel cancer awareness cam-
paign in the UK was associated with a 62.5% decrease in
the number of patients with colorectal cancer presenting as
an emergency, and similar campaigns may have success else-
where [30]. Other studies have demonstrated reductions in
emergency presentations with colorectal cancer amongst pa-
tients who comply with screening, even those who only com-
pleted a single fecal occult blood test [31-33]. These findings
provide promising evidence that population-level interven-
tions can reduce the incidence of emergency CRC
presentations.

Conclusion

Despite no apparent differences in adjuvant treatment, patients
who underwent emergency resection for colon cancer had
higher rates of recurrence and death compared to patients
who had elective surgery. Emergency resection appears to be
associated with poorer long-term outcomes, and a focus on
screening and bowel cancer awareness in order to reduce
emergency presentations is warranted.

Compliance with ethical standards

The database was designed for administrative and research purposes with
approval of the Western University Research Ethics Board (REB), and
this specific study was also approved.
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