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Abstract

Aim: The aim of this work was to investigate whether nonsteroidal anti-inflammatory
drugs (NSAIDs) could be beneficial or harmful when used perioperatively for colorectal
cancer patients, as inflammation may affect occult disease and anastomotic healing.
Method: This is a protocol-based retrospective cohort study on colorectal cancer pa-
tients operated on between 2007 and 2012 at 21 hospitals in Sweden. NSAID exposure
was retrieved from postoperative analgesia protocols, while outcomes and patient data
were retrieved from the Swedish Colorectal Cancer Registry. Older or severely comor-
bid patients, as well as those with disseminated or nonradically operated tumours were
excluded. Multivariable regression with adjustment for confounders was performed, es-
timating hazard ratios (HRs) for long-term outcomes and odds ratios (ORs) for short-term
outcomes, including 95% confidence intervals (Cls).

Results: Some 6945 patients remained after exclusion, of whom 3996 were treated at
hospitals where a NSAID protocol was in place. No association was seen between NSAIDs
and recurrence-free survival (HR 0.97, 95% Cl 0.87-1.09). However, a reduction in cancer
recurrence was detected (HR 0.83, 95% Cl 0.72-0.95), which remained significant when
stratifying into locoregional (HR 0.68, 95% Cl 0.48-0.97) and distant recurrences (HR
0.85, 95% Cl 0.74-0.98). Anastomotic leakage was less frequent (HR 0.69%, 95% Cl 0.51-
0.94) in the NSAID-exposed, mainly due to a risk reduction in colo-rectal and ileo-rectal
anastomoses (HR 0.47, 95% Cl 0.33-0.68).

Conclusion: There was no association between NSAID exposure and recurrence-free
survival, but an association with reduced cancer recurrence and the rate of anastomotic

leakage was detected, which may depend on tumour site and anastomotic location.
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INTRODUCTION

Abdominal resectional surgery is a cornerstone in the curative treatment
of colorectal cancer [1,2]. Postoperative analgesia is often multimodal
as part of an enhanced recovery after surgery (ERAS) programme and
sometimes comprises nonsteroidal anti-inflammatory drugs (NSAIDs).
These offer similar pain relief to opioid analgesics [3] and may reduce
the quantity of opioids used and the time to regain gastrointestinal
function [4]. While NSAIDs are known to reduce the risk of develop-
ing colorectal cancer as well as disease-related [5] and overall mortality
[6], even after diagnosis, this role in the immediate postoperative set-
ting is less clear. The surgical trauma induced by resection may promote
cancer cell invasiveness by eliciting an inflammatory response, which in
turn might be attenuated by perioperative administration of NSAIDs,
hypothetically leading to a decreased risk of cancer recurrence [7,8]. In
two recent studies NSAIDs have also been associated with improved
recurrence-free survival for colorectal cancers [9], as well as decreased
cancer recurrence for a cohort of operated rectal cancers with a more
pronounced preoperative inflammatory state [10].

However, there is also an ongoing concern that NSAIDs might
increase the risk of anastomotic leakage, with subsequent morbid-
ity and mortality [11,12]. The cyclooxygenase isoenzyme (COX)-2-
selective agents diclofenac [13-16] and celecoxib [17] have been
associated with an increased frequency of anastomotic leakage
after colorectal surgery. Nonselective agents such as ibuprofen and
naproxen, on the other hand, have been shown to be associated with
a decreased risk of anastomotic leakage for patients operated on for
rectal cancer [18,19]. The data are not conclusive [20-24] and it may
depend on tumour location, where a more proximal anastomotic lo-
cation would seem to be at a higher risk [19,25].

With a lack of randomized clinical trial data, or even adequately
powered and controlled observational cohorts, there is a need to
conduct exploratory analyses on the short- and long-term impact of
NSAID administration after colorectal cancer surgery.

In this study, we hypothesize that postoperative NSAID treat-
ment might improve recurrence-free survival as well as modify the
risk for anastomotic leakage, taking into consideration different tu-

mour locations and NSAID subtypes.

METHOD

Checklist for the reporting of observational studies
This article was written in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
checklist for the reporting of observational studies [26].

Study design

This is a retrospective multicentre Swedish cohort study which
included all patients operated on for colorectal cancer with a

What does this paper add to the literature?

The impact on oncological outcomes of postoperative
NSAID use after colorectal cancer surgery is understudied.
In this protocol-based study, we found an association be-
tween protocolized NSAID exposure and decreased cancer
recurrence, although recurrence-free survival was similar.
This suggests that NSAIDs could have a role beyond anal-

gesia, warranting more detailed studies

primary anastomosis in an elective or emergency setting, from
21 hospitals during the years 2007-2012. Patients were fol-
lowed from operation to either death, colorectal cancer re-
currence, loss to follow-up or the study end date of 30 June
2020. Demographics, operative details, complications and long-
term oncological outcomes were collected from the Swedish
Colorectal Cancer Registry (SCRCR). This registry has been vali-
dated with completeness above 98% and an average agreement
at 90% of re-abstracted data from medical records with data
from the SCRCR [27,28]. Study exclusion criteria were all patients
aged 80 years or older, an American Society of Anesthesiologists
(ASA) class of IV or more, metastasized disease at the time of the
primary operation and all operations with microscopic or macro-
scopic incomplete margins. These criteria were devised in order
to create a study population that was likely not to be ineligible
for NSAID treatment due to fear of adverse effects. The study
flowchart is depicted in Figure 1.

Study exposure, outcomes and other variables
Exposure

ERAS-like protocols, pertinent for the study period, were gathered
from the relevant hospitals as part of a previous study [18]. The
protocolized analgesic treatment, whether including NSAIDs or
not, was used as the exposure; that is, all the patients treated at a
hospital that incorporated NSAIDs as part of their protocol were
assumed to have received NSAIDs, while the opposite also held
true. The validity of this approach has been tested in a subset of
the cohort, where 79% of patients at NSAID hospitals ultimately
received NSAIDs, whereas none of the patients at no-NSAID hos-
pitals were treated with NSAIDs [18]. The NSAID exposure was
further divided into two subgroups, selective or nonselective, also
retrieved from the analgesia protocols. The selective group shares
an increased affinity for COX-2 while the nonselective group has a
similar affinity for both COX-1 and COX-2. Nonselective NSAIDs in
the present study included ibuprofen, nabumetone and naproxen,
whereas selective or COX-2-specific NSAIDs included diclofenac
and celecoxib [29].
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FIGURE 1 Flowchart forinclusion
and exclusion of patients operated on
for colorectal cancer between 2007 and
2012 in 21 hospitals in Sweden, with

All patients operated for colorectal cancer during
2007-2012 in 21 different hospitals in Sweden
idntified through the Swedish Colorectal Cancer
Registry (n=12254)

935

information on hospital-level nonsteroidal
anti-inflammatory drug (NSAID) exposure
derived from enhanced recovery after
surgery (ERAS) or ERAS-like protocols

Excluded (n=5309)*
- Age 80 years or older (n=2787)

P - ASA-class 4-5 (n=102)
- Disseminated disease (n=1679)
- Not radical operation (n=741)

Remaining for analysis (n=6945)

Outcomes

The primary outcome was time to recurrence-free survival, defined
as time since surgery without any event of either death or colorectal
cancer recurrence. Secondary outcomes included overall survival,
cancer recurrence (locoregional as well as distant) and anastomotic
leakage. It is mandatory to register any anastomotic leakage diag-
nosed within 30 days of index surgery or within the initial hospital
stay. Previous research indicates that this registry variable denotes
a symptomatic leakage in virtually all cases, albeit with some under-

reporting [30].

Other variables

Tumour location was categorized using embryological and surgical
considerations: right-sided cancers included any cancer from the cae-
cum to the transverse colon; left-sided cancers included the splenic
flexure down to the sigmoid; and rectal cancers were defined as any
cancer with the inferior border within at least 15 cm from the anal
verge, as measured by a rigid sigmoidoscope. Anastomotic location
was categorized using the stated operations in the registry: ileocaecal
resections and right hemicolectomies denoted ileocolic anastomoses;
left hemicolectomies, segmental transverse resections and sigmoid
resections denoted colo-colic anastomoses; anterior resections and
total colectomies denoted colo-/ileo-rectal anastomoses.

Tumour staging was done according to the Tumour-Node-
Metastasis (TNM) grading system, created and updated by the
American Joint Committee on Cancer and International Union
against Cancer. The 6th and 7th TNM editions were in use for the
study years of 2007-2008 and 2009-2012, respectively.

Statistical analyses

Demographic and clinical variables were tabulated and described ac-
cording to receipt of protocolized NSAIDs or not. Our primary analy-
sis was a multivariable Cox regression model with recurrence-free
survival as outcome, including testing for interaction with tumour
location.

Sensitivity analyses for the main analysis included excluding
patients who died within the first 90 postoperative days as well as
setting the endpoint for follow-up to either 1, 3 or 5 years after the
primary operation.

Secondary analyses consisted of the main analysis but, instead,
categorizing the NSAID exposure into nonselective and COX-2-
selective subtypes, dividing the cases into emergency or planned
procedures and using overall survival, locoregional and distant re-
currence as outcomes.

Moreover, the impact of NSAID exposure on anastomotic leak-
age within 30 days of the primary operation was evaluated with
logistic regression, including interaction analysis in relation to anas-
tomotic location.

We used a directed acyclic graph [31] to help select a mini-
mally sufficient set of covariates for our multivariable analyses
(Figure S1 in the Supporting Information). Such graphs include
all variables and their presumed relationships, presenting our
mechanistic understanding of the underlying phenomenon;
using formally proven theorems, nonbiased estimates of causal
effects can be derived when adjusting for confounding covari-
ates. While the usual limitations of an observational study apply,
in particular residual confounding from unmeasured covariates,
this type of analysis theoretically enables a causal interpreta-
tion. For recurrence-free survival, these were ASA class (I, Il or
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I11), age (years), body mass index (BMI) divided into subgroups
(<20, 20-25, 25.01-30, >30 kg/mz), intraoperative bleeding (ml),
diverting stoma (no or yes), hospital volume (cases per year),
neoadjuvant therapy (none, radiotherapy, chemoradiotherapy),
emergency procedure (no or yes), sex (male or female), tumour
location (right colon, left colon, rectal), year of surgery and clin-
ical TNM stage (1, 2 or 3). Continuous variables were modelled
with splines. Considering anastomotic leakage, covariates were
ASA class, BMI, intraoperative bleeding, diverting stoma, hospi-
tal volume, neoadjuvant therapy, emergency procedure (no or
yes), sex, anastomotic location and year of surgery (Figure S2).
We used multiple imputation to handle missing data, while hier-
archical analysis was conducted to consider nonindependence of
patients treated at the same hospital. Due to a large number of
missing data regarding clinical TNM (cTNM), we also performed
a post hoc analysis replacing cTNM stage with pathological TNM
(pTNM) stage in our multivariable model, assuming a close cor-
relation between the two variables.

We conducted separate power calculations for recurrence-
free survival and recurrence. For both of these, a 30% NSAID
use rate was assumed, thus considering the misclassification of
approximately 21% of patients not exposed to NSAIDs despite
belonging to a hospital employing protocolized NSAIDs [18].
The statistical power and significance level were set at 90%
and 5%, respectively. For recurrence-free survival, assuming an
event rate of 40% and a hazard ratio (HR) of 0.8 in the NSAID-
exposed group [9], a sample size of 2508 patients was derived.
For recurrence, assuming a 16% rate versus a 29% rate when
treated with NSAIDs versus when not treated with NSAIDs
[10], a sample size of 615 patients was required. The statistical
analyses were conducted with Stata version 16.1 and R version
4.0.3.

RESULTS
Study participants

After applying the exclusion criteria, the cohort included 6945 pa-
tients eligible for analysis (Figure 1). The median age was 68 years
[interquartile range (IQR) 61-74 years], the average BMI was
26.1 kg/m? (IQR 23.2-28.4 kg/m?), the most common cTNM stage
was 2, the most common ASA grade was Il, the most common tu-
mour was a right-sided colon cancer and 52.9% of the cohort were
men. Some 58% of patients were treated at a hospital employing
an analgesia protocol incorporating NSAIDs; of these, ibuprofen
was the most commonly used NSAID agent (52%), followed by
nabumetone (25%), diclofenac (17%), celecoxib (4%) and naproxen
(2%). Of the 467 emergent operations, only three were performed
on rectal cancer patients. In comparison to the no-NSAID group,
the NSAID-exposed group were slightly older, had a lower vol-
ume of intraoperative bleeding, were treated at a hospital with

a smaller yearly volume of resections and were operated on in an

earlier time period (Table 1).

Main analysis: oncological outcomes

During a 5-year follow-up, the mean recurrence-free survival for
the exposed group was 76.0% and for the nonexposed group it was
73.5% (Figure 2). In the Cox regression models shown in Table 2, no
statistically significant differences between groups could be seen,
neither in the unadjusted analysis (HR 0.96, 95% Cl 0.89-1.03) nor
in the main adjusted analysis (HR 0.97, 95% Cl 0.87-1.09); strati-
fication by tumour location did not show any differential effects.
In the sensitivity analyses excluding early mortality, no significant
effect could be seen (HR 0.97, 95% Cl 0.87-1.08); setting the end-
point to 1, 3 or 5 years after the primary operation did not alter
the results when evaluating the adjusted results (Table S1); when
stratifying for nonselective and selective NSAIDs, no significant ef-
fects were seen (Table S2). In addition, the post hoc adjusted analy-
sis with replacement of cTNM (missing in 44.1% of cases) by pTNM
(missing in 17.6% of cases) in the main analysis rendered the results
virtually unchanged (HR 0.99, 95% Cl 0.89-1.11).

Secondary analyses: oncological outcomes

Recurrences were significantly less common in the NSAID group
(Figure 3) when evaluating across all tumour locations (HR 0.83, 95%
Cl 0.72-0.95) as well as when stratifying for locoregional (HR 0.68,
95% Cl 0.48-0.97) and distant (HR 0.85, 95% Cl 0.74-0.98) recur-
rences (Table 3). There were 181 locoregional recurrences (Figure
S4) and 1042 distant recurrences (Figure S5), amounting to a total
of 1123 (16.2%) patients with any kind of recurrence in a total of
6931 patients remaining after censoring. When stratifying for tu-
mour location, the only remaining significant association was for all
recurrences and left-sided colon cancers (HR 0.79, 95% CI 0.63-
0.98); however, locoregional recurrences for rectal cancer were also
reduced, nearing significance (HR 0.56, 95% CI 0.31-1.03).

We did not detect any association between NSAID exposure and
overall survival (HR 0.97, 95% CI 0.87-1.10; Figure S3, Table S3).

Secondary analyses: anastomotic leakage

A significant association between NSAID exposure and a decreased
risk of anastomotic leakage for the entire group (HR 0.69%, 95%
Cl 0.51-0.94) was detected; this was mainly due to the risk reduc-
tion seen for the colo-rectal and ileo-rectal anastomoses (HR 0.47,
95% Cl 0.33-0.68), as the other two subgroups (ileo-colic and colo-
colic anastomoses) did not seem to be related to a decrease in risk
(Table 4). Of note, 99.6% of the colo-rectal and ileo-rectal anastomo-

ses were in rectal cancer patients.
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TABLE 1 Demographic and clinical data for 6945 patients operated on for colorectal cancer in 21 different hospitals from 2007 to 2012
in Sweden, with NSAID use according to each hospital's ERAS or ERAS-like programme as exposure

Presumed postoperative NSAID use (N = 6945)

Variables No (n = 2949) Yes (n = 3996) Missing
Categorical n (%) n (%) n (%)
Sex
Male 1588 (53.9) 2084 (52.2) 0(0)
Female 1361 (46.2) 1912 (47.9)
ASA classification
| 631 (21.4) 852(21.3) 127 (1.8)
1l 1741 (59.0) 2230 (55.8)
11 555(18.8) 809 (20.3)
BMI (kg/m?)
<20 136 (4.6) 212(5.3) 563(8.1)
20-25 1084 (36.8) 1375 (34.4)
25.01-30 1035 (35.1) 1493 (37.4)
>30 453 (15.4) 594 (14.9)
cTNM
| 537 (18.2) 622 (15.6) 3064 (44.1)
1l 528 (17.9) 636 (15.9)
716 (24.3) 842(21.1)
pTNM
| 586 (19.9) 911 (22.8) 122 (17.6)
1l 1177 (39.9) 1601 (40.1)
1l 1147 (38.9) 1401 (35.1)
Diverting stoma
No 2169 (73.6) 2907 (72.8) 11(0.2)
Yes 774 (26.3) 1084 (27.1)
Neoadjuvant therapy
None 2362 (80.3) 3211 (80.5) 0(0)
Radiotherapy 419 (14.3) 605 (15.2)
Chemoradiotherapy 160 (5.4) 174 (4.4)
Planned or emergent procedure
Planned 2756 (93.6) 3713 (93.0) 9(0.1)
Emergent 187 (6.6) 280 (7.0)
Tumour location
Right 1120 (38.0) 1547 (38.7) 2(0.0)
Left 971 (32.9) 1323 (33.1)
Rectum 856 (29.0) 1126 (28.2)
Anastomotic location
lleo-colic 1028 (34.9) 1397 (35.0) 0(0)
Colo-colic 763 (25.9) 1113 (27.9)
Colo-/ileo-rectal 1158 (39.3) 1486 (37.2)
Adjuvant therapy
No 1971 (66.8%) 2569 (64.3%) 79 (1.1)
Yes 939 (31.8%) 1387 (34.7%)

(Continues)
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Continuous Median (IQR) Median (IQR) Missing, n (%)
Age (years) 68 (61-74) 68 (62-74) 1(0.0)
Intraoperative bleeding (ml) 200 (100-500) 200 (100-400) 268 (3.9)
Year of surgery 2010 (2008-2011) 2009 (2008-2011) 0(0)

Hospital volume (resections/year) 57 (43.5-124.5) 59.7 (43.3-67.8) 0(0)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; cTNM, clinical tumour stage; IQR, interquartile range; NSAID,

nonsteroidal anti-inflammatory drug; pTNM, pathological tumour stage.

100% - - No NSAID FIGURE 2 Kaplan-Meier curve for
e —— ) . .
_ *\ -+ NSAID recurrence-free survival for patients
.g " operated on for colorectal cancer
% 75% between 2007 and 2012 in 21 hospitals
8 in Sweden (NSAID, nonsteroidal anti-
";-:) 50% inflammatory drug)
[$]
c
o
5
25%
g 25% p=0.26
[an
0% ) .
0 1 2 3 4 5
Years
Number at risk
2941 2713 2502 2353 2242 2161
NSAID | 3990 3701 3459 3279 3137 3032
0 1 2 3 4 5
Years

TABLE 2 Recurrence-free survival for 6945 patients operated on for colorectal cancer between 2007 and 2012 in 21 hospitals in
Sweden, where the exposed patients were operated on at hospitals that used NSAIDs in their postoperative analgesia protocols

No. of NSAID-exposed/total no. of

Tumour site patients (%)

Unadjusted HR (95% Cl) Adjusted® HR (95% Cl)

3996/6945 (57.5%)
1547/2667 (58.0%)
1323/2294 (57.7%)
1126/1982 (56.8%)

All colorectal cancers
Right-sided colon cancer
Left-sided colon cancer

Rectal cancer

0.96 (0.86-1.06)
0.97 (0.84-1.12)
0.95(0.81-1.11)
0.94 (0.80-1.11)

0.97 (0.87-1.09)
0.98 (0.85-1.14)
0.99 (0.84-1.16)
0.94 (0.80-1.12)

Abbreviations: Cl, confidence interval; HR, hazard ratio; NSAID, nonsteroidal anti-inflammatory drug.

Cox regression modelling was used to derive HRs with 95% Cls.

2With adjustment for American Society of Anesthesiologists class, age, body mass index, intraoperative bleeding, diverting stoma, hospital volume,
neoadjuvant therapy, emergency procedure, sex, tumour location, year of surgery and clinical tumour stage.

DISCUSSION

In this protocol-based multicentre cohort study of colorectal can-
cer patients, no significant effect on recurrence-free survival in
NSAID-exposed patients was demonstrated, neither when evalu-
ating all cases nor when stratified for tumour site (left colon, right
colon or rectal). Nevertheless, cancer recurrence was significantly

reduced for patients treated at NSAID-using hospitals, with similar

reductions for locoregional as well as distant recurrences. We also
discerned a decrease in anastomotic leakage after postoperative
NSAID use; there was evidence of interaction, showing that the
effect was driven by a risk decrease in colo-rectal and ileo-rectal
anastomoses. The latter association has been shown previously [18]
using parts of this cohort, but not in the context of evaluating inter-
actions and long-term data.

There are limitations to this study. Firstly, it is observational
in nature and we are restricted to the variables observed in the
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TABLE 3 Total, locoregional and distant recurrence for 6945 patients operated on for colorectal cancer between 2007 and 2012 in 21
hospitals in Sweden, where the exposed patients were operated on at hospitals that used NSAIDs in their postoperative analgesia protocols

All colorectal cancers

Right-sided colon cancer

Left-sided colon cancer Rectal cancer

HR (95% CI)

HR (95% Cl)

Recurrence HR (95% CI) HR (95% ClI)
Total
Unadjusted 0.83(0.72-0.95) 0.91(0.74-1.12)
Adjusted? 0.83(0.72-0.95) 0.89 (0.72-1.10)

Locoregional

Unadjusted 0.68 (0.49-0.95)

Adjusted?® 0.68 (0.48-0.97)
Distant

Unadjusted 0.85(0.73-0.98)

Adjusted® 0.85 (0.74-0.98)

0.75(0.46-1.21)
0.71(0.43-1.17)

0.93(0.74-1.16)
0.91(0.73-1.13)

0.77 (0.62-0.96)
0.79 (0.63-0.98)

0.74 (0.44-1.26)
0.77 (0.45-1.34)

0.78 (0.62-0.98)
0.80(0.63-1.00)

0.81(0.66-1.01)
0.81(0.66-1.01)

0.54 (0.30-0.98)
0.56(0.31-1.03)

0.84(0.67-1.05)
0.84 (0.67-1.05)

Abbreviations: Cl, confidence interval; HR, hazard ratio; NSAID, nonsteroidal anti-inflammatory drug.

Cox regression modelling was used to derive HRs with 95% Cls.

With adjustment for American Society of Anesthesiologists class, age, body mass index, intraoperative bleeding, diverting stoma, hospital volume,
neoadjuvant therapy, emergency procedure, sex, tumour location, year of surgery and clinical tumour stage.

registries, leaving us with possible residual confounding. Examples
of this include that the NSAID-exposed patients were treated
at other hospitals and during a slightly earlier time period than
the nonexposed group. Also, the only difference in the analgesic
protocols which was considered was the presence or absence of
NSAIDs; further differences between groups may be present, such
as a difference in the frequency of epidural analgesia. It may also
be argued that the interpretations of these observational data are
limited to associations alone. To address this, and to improve the
value of the conclusions drawn, a counterfactual framework was
applied using causal diagrams. As described previously, such dia-
grams present all relevant variables and their presumed relation-
ships, enabling nonbiased estimates of causal effects, as long as
the diagrams accurately represent the underlying mechanisms and
important confounding is accounted for [32]. Secondly, the NSAID
exposure is protocol-based, which assumes that all patients at a
NSAID hospital received NSAIDs postoperatively. This assump-
tion was tested in an earlier study [18], where 79% of the patients
at NSAID-administering hospitals actually received NSAIDs, and

no patients received NSAIDs at the other hospitals. This could
confer a dilution of the potential effects of NSAIDs and thus lead
to a type Il error. This is also an issue for anastomotic leakage, as
this variable is underreported in the SCRCR [30]. Moreover, the
registry does not capture delayed leaks, which might contribute a
substantial proportion of the total leak rate [33]. However, these
early leaks in the registry are virtually all symptomatic [30], limiting
the potential impact of NSAID pain alleviation on detection rates
through confounding by indication. Finally, when comparing the
proportion of emergency and elective procedures for colon can-
cer in our cohort, we noticed a discrepancy between the national
share of around 19% and ours of 10% of emergency procedures
during the study years [34], which could call into question the ex-
ternal validity. Nevertheless, we present a large cohort compared
with previous studies, with good quality data in general. Cancer
recurrence is retrieved from the SCRCR, where recurrence data
are almost complete with only 1%-2% erroneous registrations
at 5 years [35]. The mortality data, retrieved from the Swedish
Cause of Death Register, have excellent validity [36]. Our previous
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TABLE 4 Anastomotic leakage as outcome for 6945 patients operated on for colorectal cancer between 2007and 2012 in 21 hospitals in
Sweden, where the exposed patients were operated on at hospitals that used NSAIDs in their postoperative analgesia protocols

No. of leakages in

Anastomotic location exposed (%) nonexposed (%)

No. of leakages in

Unadjusted OR (95% ClI) for
anastomotic leakage

Adjusted® OR (95% Cl) for
anastomotic leakage

All locations 188 (4.7) 182 (6.2)
lleo-colic 42 (3.0) 27 (2.6)
Colo-colic 61 (5.5) 36(4.7)
Colo-/ileo-rectal 85 (5.7) 119 (10.3)

0.71(0.53-0.96) 0.69 (0.51-0.94)
1.07 (0.63-1.83) 1.08 (0.63-1.85)
1.11(0.69-1.79) 1.20(0.74-1.93)
0.51(0.36-0.72) 0.47 (0.33-0.68)

Abbreviations: Cl, confidence interval; OR, odds ratio; NSAID, nonsteroidal anti-inflammatory drug.

Multivariable logistic regression was used to derive ORs with 95% Cls.

2With adjustment for American Society of Anesthesiologists class, age, body mass index, intraoperative bleeding, diverting stoma, hospital volume,
neoadjuvant therapy, emergency procedure, sex, anastomotic location and year of surgery.

multicentre retrospective cohort study of rectal cancer patients
did not show any association between long-term oncological out-
comes and postoperative NSAID exposure, with data from SCRCR
and medical records [37], using conventional regression tech-
niques; however, an instrumental variables approach indicated a
possible benefit with NSAIDs. While no effect for recurrence-free
survival was seen in the present study either, recurrence reduc-
tion was associated with NSAID exposure; the larger sample size
and inclusion of colon cancer might explain these discrepancies. A
recent single-centre study found a positive association between
recurrence-free survival and perioperative NSAIDs in a subset of
rectal cancer patients who had an elevated preoperative inflamma-
tory state [10]. Comparisons with the present study are difficult,
as we had no information on preoperative inflammatory status and
nor did the former study state the type of NSAID used. Another
recent multicentre retrospective cohort study found an associa-
tion between perioperative NSAIDs and improved recurrence-free
survival in a group of colorectal cancer patients [9]. This associ-
ation remained for ibuprofen but not for diclofenac; moreover,
the association was attenuated when emergent procedures were
excluded. However, the definition of recurrence-free survival in
the aforementioned study is closer to what we in our study would
refer to as cancer recurrence, and the authors did not stratify their
recurrence outcome into locoregional or distant recurrence, or by
tumour location.

We also found a consistent reduction of recurrences for the
entire NSAID-exposed cohort, which remained when evaluating
locoregional and distant recurrences separately. In the stratified
analyses, a significant reduction in recurrence of left-sided colon
cancers was detected, which was attenuated when stratifying for
locoregional or distant recurrence. The point estimate and corre-
sponding confidence intervals also suggested a potential impact on
locoregional recurrences in rectal cancer, albeit not formally signifi-
cant. Speculatively, this could be due to the corresponding decrease
in leakage in anterior resection with postoperative NSAID use, as
a considerable number of data demonstrate that rectal cancer pa-
tients with anastomotic leakage have an increased frequency of local
recurrence [38]. Nevertheless, the reduction in cancer recurrence
seenin the present study did not translate into improved recurrence-
free or overall survival. This could potentially be explained by the

misclassification introduced by the protocol-based approach or that
an even larger sample size is needed to prove minor differences
in recurrence-free survival, especially in an elderly cohort where
recurrence-free survival may depend on many other conditions. Any
recurrence benefit might also have been offset, as certain NSAIDs
are known to increase renal [39], gastrointestinal [40] and cardiovas-
cular morbidity and mortality [41], and the in-hospital use of NSAIDs
could possibly have led to an increased prescription of NSAIDs after
discharge. Mechanistically, perioperative administration of NSAIDs
might affect the postoperative inflammatory response, as well as
exert direct effects on tumour cells, including the fact that COX-2
expression is upregulated in colorectal carcinomas [7]. Perioperative
NSAIDs have been associated with decreased formation of liver
metastases in an experimental mouse model operated on for colon
cancer [7]. It has also been shown that long-term use of aspirin and
NSAIDs can decrease the incidence of several malignancies includ-
ing colorectal cancers, and it is known that the COX-2-derived pros-
taglandin E2 can be involved in cell-signalling pathways regarding
proliferation, migration, apoptosis and angiogenesis [42].

Although NSAID use is recommended as a part of multimodal
analgesia in the ERAS guidelines [3], some data suggest that this is
one of the ERAS items least adhered to [43], possibly due to the fear
of inducing anastomotic leakage. While this study and many others
suggest that NSAIDs might be safe in colorectal cancer surgery, the
potential for postoperative modification of the recurrence risk is a

relatively novel finding that merits further interest.

CONCLUSION

Postoperative NSAID use might confer beneficial effects in term of
reduced cancer recurrence without an increased risk of anastomotic
leakage. Future studies should stratify data by tumour site, the pa-
tient's preoperative inflammatory status and what particular NSAID
is used, and should continue to examine the effects of NSAIDs on
oncological outcomes as well as anastomotic leakage, ideally in a

randomized clinical trial.
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