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Abstract

Aim: This study aimed to assess the correlation between regular statin therapy and post-
operative mortality following surgical resection for rectal cancer.

Method: This retrospective cohort study included all adult patients undergoing abdomi-
nal rectal cancer surgery in Sweden between January 2007 and September 2016. Data
were gathered from the Swedish Colorectal Cancer Registry, a large population-based
prospectively collected registry. Statin users were defined as patients with one or more
collected prescriptions of a statin within 12 months before the date of surgery. The
statin-positive and statin-negative cohorts were matched by propensity scores based on
baseline demographics.

Results: A total of 11 966 patients underwent surgical resection for rectal cancer, of
whom 3019 (25%) were identified as statin users. After applying propensity score match-
ing (1:1), 3017 pairs were available for comparison. In the matched groups, statin users
demonstrated reduced 90-day all-cause mortality (0.7% vs. 5.5%, p < 0.001) and also
showed significantly reduced cause-specific mortality due to cardiovascular and respira-
tory events, as well as sepsis and multiorgan failure. The significant postoperative sur-
vival benefit of statin users was seen despite a higher rate of cardiovascular comorbidity.
Conclusion: Preoperative statin therapy displays a strong association with reduced post-
operative mortality following surgical resection for rectal cancer. The results from the
current study warrant further investigation to determine whether a causal relationship

exists.

nonsurgical postoperative problems predispose this surgical patient

group to a higher mortality rate. Previous scientific literature out-

Major abdominal surgery entails a high risk of postoperative com-
plications, which occur in up to a third of all cases [1]. A fraction of
these complications are presumed to be amplified by the immediate
stress response initiated by the surgical trauma [2]. This may not only
give rise to surgical complications but also adverse medical events of

infectious, cardiovascular, respiratory and cerebral origin [3-6]. Such

lines rates of between 7.5% and 29.4% for such adverse outcomes
[71.

Surgery for rectal cancer remains a high risk area for postoperative
morbidity. Postoperative morbidity rates approach 40%, and 90-day
mortality is around 3% [8]. A strong relationship between the release

of proinflammatory cytokines after rectal surgery and worse outcomes
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has previously been noted [9,10]. It is proposed that 3-hydroxy-3-met
hyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitors, also known
as statins, may have postoperative anti-inflammatory and protective
immunomodulatory effects [11]. Previous studies have investigated
the potential impact of statin therapy on short-term postoperative
outcomes following colorectal surgery. While some have found post-
operative benefits in the form of decreased complication rates, [12-
14] others have not been able to demonstrate any association [15-17].
Data on statin therapy and postoperative mortality isolated to rectal
resection surgery for cancer are scarce [12].

The objective of this study is to assess the correlation between
regular statin therapy and postoperative mortality following rectal

cancer surgery by using patients from a large national registry.

METHOD
Study setting

This retrospective cohort study, approved by the Regional Ethical
Review Board (ref. 2018/400, Uppsala, Sweden), was conducted
in line with the Declaration of Helsinki and STROBE guidelines. All
adult patients (218 years) undergoing surgery for rectal cancer be-
tween 1 January 2007 and 22 September 2016 were identified from
the Swedish Colorectal Cancer Registry (SCRCR), a prospectively
recorded national registry with a coverage of 99.5% for all cases of
colorectal cancer in Sweden [18]. It monitors surgical and oncologi-
cal colorectal cancer treatment. The following patient demographic
and outcome variables were extracted from the SCRCR: age, sex,
American Society of Anesthesiologists (ASA) classification, cancer
stage, type of surgical resection, surgical technique (open versus lap-
aroscopic), neoadjuvant and adjuvant therapy, total length of hospi-
tal stay, 30-day and 90-day all-cause mortality. The SCRCR does not
contain information regarding patient comorbidities. The Charlson
Comorbidity Index (CCl) was therefore calculated using data from
the National Patient Registry which contains all recorded diagnoses
from both primary and secondary care settings. The National Patient
Registry is maintained by the Swedish Board of Health and Welfare
[19]. Information related to cause-specific mortality was gathered
from the Swedish Death Registry, also maintained by the Swedish
Board of Health and Welfare. All registries can be linked through
unique national registration numbers (i.e. the Swedish ‘personnum-
mer’) that are individually assigned to all Swedish residents. The
primary and secondary outcomes of interest were 90-day all-cause

mortality and 90-day cause-specific mortality, respectively.

Statin therapy

Data related to statin therapy were obtained from the national drug
registry, which contains details on all medical prescriptions issued by
physicians in Sweden. [20] It includes information on drug type, dos-
age, date of issue and date of collection. Statin users (ACT-code C10AA)

What does this paper add to the literature?

Surgery for rectal cancer remains an area of high postopera-
tive risk for adverse outcomes. Data are scarce regarding any
postoperative protective effects of statin therapy after rectal
cancer surgery. This study is the first to show an association
between statin use and postoperative mortality. The results

warrant a prospective randomized trial.

were defined as patients with one or more collected prescriptions of a
statin within 12 months before the date of surgery. Patients who did
not collect their issued statin prescriptions were not regarded as statin

users. Patients were subdivided into statin users and nonusers.

Statistical analyses

Descriptive statistical methods were used for the presentation of pa-
tient clinical characteristics and outcomes. Results are provided as either
means * standard deviations (SDs) for continuous variables, counts and
percentages for categorical variables or medians and quartiles for ordi-
nal variables wherever suitable. Statistical significance between groups
was tested using Student’s t-test for continuous variables or the chi-
square test for categorical and ordinal data. Potential confounders were
handled by the matching of statin users and nonusers in conformity with
propensity scores, in which the following variables were considered:
age, sex, ASA classification, CCl, cancer stage, type of rectal resection,
surgical technique, neoadjuvant therapy and adjuvant therapy [21].
Statin users were matched with a 1:1 ratio to nonusers according to a
caliper width of 0.2. Differences following propensity score matching
for categorical and ordinal data were tested using the McNemar test
with Bonferroni correction and paired Student’s t-test for continuous
variables. Further analysis, using conditional Poisson regression with a
robust error variance, was carried out for the matched cohorts to con-
trol for differences in covariates in the model between the groups [22].
A two-tailed p-value of less than 0.05 was considered statistically sig-
nificant. All statistical analyses were conducted using the R statistical
programming language, version 3.6.3 (R Core Team, 2020). Propensity
score matching was performed with the Matchlt package [23].

RESULTS

During the study period, a total of 11 966 patients underwent
surgical resection for rectal cancer in Sweden. Of these, 3019
(25%) were identified as statin users. The prevalence of statin ex-
posure was equivalent to that of the general Swedish population
within a similar age range [24]. Table 1 depicts differences in pa-
tient characteristics before and after propensity score matching.
Statin users were significantly older (71 + 8 years vs. 67 + 11 years,
p < 0.001), more likely to be men (68.4% vs. 57.7%, p < 0.001) and
to have a worse preoperative health status assessed by the ASA
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classification (ASA 3-4 38.2% vs. 17.4%, p < 0.001), as well as a
higher CCl score when compared with non-users (CCl 27 27.5% vs.
15.8%, p < 0.001). There were no significant differences regarding
the distribution of surgical procedures and techniques performed
between the two groups. Furthermore, patients on statin therapy
had less advanced disease (Stage 3 cancer seen in 33.6% vs. 34.6%,
p < 0.001; Stage 4 cancer seen in 7.4% vs. 11.2%, p < 0.001) and
were less likely to receive neoadjuvant (16.3% vs. 20.8%, p < 0.001)
and adjuvant (2.4% vs. 5.3%, p < 0.001) therapy. Following propen-
sity score matching, a total of 3017 patient pairs were available for
comparison, with no statistical differences between the cohorts

@& = S 877
) Escp jRii i’»w}.

with regard to the abovementioned patient and clinical character-
istics (Table 1).

After propensity matching, hypertension, myocardial infarction,
peripheral vascular disease, cerebrovascular disease and diabetes
remained significantly more common in the statin user cohort. The
prevalence of dementia, liver disease and metastatic cancer (includ-
ing other than colorectal cancer) was significantly lower in statin
users in the matched cohort (Table 2).

Clinical outcomes following surgery are outlined in Tables 3 and 4.
Following propensity score matching, statin users displayed statistically
lower all-cause mortality rates at both 30 days (0.3% vs. 3.7%, p < 0.001)

TABLE 1 Patient demographics before and after propensity score matching

Before matching

After matching

Variable Statin - (n =8947)  Statin+(n=3019) p-value Statin - (n =3017)  Statin +(n=3017) Calue
Age (years) £ SD 67 £12 71+8 <0.001 71+11 71+8 0.329
Sex
Male 5164 (57.7%) 2066 (68.4%) <0.001 2023 (67.1%) 2064 (68.4%) 0.223
Female 3783 (42.3%) 953 (31.6%) 994 (32.9%) 953 (31.6%)
ASA classification
1 2290 (25.6%) 143 (4.7%) <0.001 152 (5.0%) 143 (4.7%) 1
2 4954 (55.4%) 1688 (55.9%) 1725 (57.2%) 1688 (55.9%)
3 1495 (16.7%) 1093 (36.2%) 1,055 (35.0%) 1093 (36.2%)
4 64 (0.7%) 60 (2.0%) 50 (1.7%) 58 (1.9%)
5 144 (1.6%) 35(1.2%) 35(1.2%) 35(1.2%)
CcCl
<4 4014 (44.9%) 669 (22.2%) <0.001 694 (23.0%) 669 (22.2%) 1
5-6 3519 (39.3%) 1519 (50.3%) 1541 (51.1%) 1519 (50.3%)
>7 1414 (15.8%) 831 (27.5%) 782 (25.9%) 829 (27.5%)
Cancer stage
1 2300 (25.7%) 907 (30.0%) <0.001 859 (28.5%) 905 (30.0%) 1
2 2546 (28.5%) 875 (29.0%) 902 (29.9%) 875 (29.0%)
3 3100 (34.6%) 1015 (33.6%) 1041 (34.5%) 1015 (33.6%)
4 1001 (11.2%) 222 (7.4%) 215(7.1%) 222 (7.4%)
Surgical procedure
Anterior resection 4580 (51.2%) 1513 (50.1%) 0.075 1500 (49.7%) 1511 (50.1%) 1
Abdominoperineal resection 3293 (36.8%) 1096 (36.3%) 1105 (36.6%) 1096 (36.3%)
Hartmann's operation 1074 (12.0%) 410 (13.6%) 412 (13.7%) 410 (13.6%)
Surgical technique
Open surgery 7611 (85.1%) 2521 (83.5%) 0.042 2521 (83.6%) 2519 (83.5%) 0.972
Laparoscopic surgery 1336 (14.9%) 498 (16.5%) 496 (16.4%) 498 (16.5%)
Neoadjuvant therapy
Yes 1859 (20.8%) 491 (16.3%) <0.001 476 (15.8%) 491 (16.3%) 0.623
No 7088 (79.2%) 2,528 (83.7%) 2541 (84.2%) 2526 (83.7%)
Adjuvant therapy
Yes 473 (5.3%) 72 (2.4%) <0.001 70 (2.3%) 72 (2.4%) 0.928
No 8474 (94.7%) 2947 (97.6%) 2947 (97.7%) 2945 (97.6%)

Abbreviations: ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index.
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TABLE 2 Patient comorbidities before and after propensity score matching

Before matching

After matching

Statin Statin + Statin +

Variable - (n=8947) (n=3019) p-value Statin - (n = 3017) (n=3017) p-value
Hypertension 1662 (18.6%) 1371 (45.4%) <0.001 819 (27.1%) 1370 (45.4%) <0.001
Arrhythmia 710 (7.9%) 441 (14.6%) <0.001 414 (13.7%) 440 (14.6%) 0.336
Myocardial infarction 157 (1.8%) 483 (16.0%) <0.001 109 (3.6%) 482 (16.0%) <0.001
Congestive heart failure 263(2.9%) 216 (7.2%) <0.001 203 (6.7%) 215(7.1%) 0.561
Peripheral vascular disease 142 (1.6%) 201 (6.7%) <0.001 104 (3.4%) 201 (6.7%) <0.001
Cerebrovascular disease 310 (3.5%) 364 (12.1%) <0.001 198 (6.6%) 364 (12.1%) <0.001
Dementia 2 (1.0%) 30 (1.0%) 0.95 3(2.1%) 30 (1.0%) 0.001
COPD 389 (4.3%) 200 (6.6%) <0.001 213 (7.1%) 199 (6.6%) 0.508
Rheumatic disease 145 (1.6%) 67 (2.2%) 0.038 75 (2.5%) 67 (2.2%) 0.545
Peptic ulcer 134 (1.5%) 63 (2.1%) 0.034 3(2.8%) 63 (2.1%) 0.113
Liver disease 71 (0.8%) 14 (0.5%) 0.082 41 (1.4%) 14 (0.5%) <0.001
Diabetes 460 (5.1%) 727 (24.1%) <0.001 308 (10.2%) 726 (24.1%) <0.001
Paraplegia 41 (0.5%) 38 (1.3%) <0.001 5(1.2%) 8(1.3%) 0.81
Renal disease 95 (1.1%) 74 (2.5%) <0.001 3(2.4%) 73 (2.4%) 1
Metastatic carcinoma 803 (9.0%) 187 (6.2%) <0.001 296 (9.8%) 187 (6.2%) <0.001

Abbreviation: COPD, chronic obstructive pulmonary disease.

and 90 days (0.7% vs. 5.5%, p < 0.001) (Table 3). In the matched groups,
statin users also demonstrated significantly lower incidences of cause-
specific mortality due to cardiovascular (0.3% vs. 1.7%, p < 0.001) and
respiratory events (0.0% vs. 0.9%, p < 0.001), as well as sepsis (0.0% vs.
0.4%, p = 0.001) and multiorgan failure (0.3% vs. 2.1%, p < 0.001). No
difference was seen in deaths due to cerebrovascular events (Table 4).
Further, the protective effects of statin on 90-day mortality remained
significant with analysis by conditional Poisson regression model adjust-
ing for all covariates in the matched cohort (adjusted incidence rate ratio
0.08, 95% C10.03-0.24, p < 0.001) (Table S1).

DISCUSSION

In this retrospectively analysed cohort of over 3000 matched pa-
tients undergoing abdominal resection for rectal cancer, statin use

was significantly associated with a lower risk of 90-day all-cause

mortality. Additionally, subgroup analysis of cause of death showed
that nonusers were at higher risk of mortality from cardiovascular
events, respiratory complications, sepsis and multi-organ failure.
Several extensive retrospective studies have demonstrated
that statins decrease postoperative mortality in noncardiovascular
surgery. However, these studies include a wide variety of surgical
procedures, and studies focusing on just rectal cancer surgery are
lacking [25,26]. The impact of statin therapy on early postoperative
mortality following rectal cancer surgery has not previously been
reported. To date only one study exists, conducted by Disbrow and
colleagues, in which a subgroup analysis of rectal resections was car-
ried out [12]. Their study compares 485 propensity score-matched
patients who underwent surgery for rectal cancer, but their results
failed to detect any statistical difference in 30-day postoperative
mortality between statin users and nonusers, although a trend for
better survival was noticed in the statin cohort (0.21% vs. 1.44%,

p = 0.076). Furthermore, the same study reported postoperative

TABLE 3 Clinical outcomes before and after propensity score matching

Before matching

After matching

Statin + Statin +
Variable Statin - (n = 8947) (n=3019) p-value Statin - (n = 3017) (n=3017) p-value
LOS
Median (IQR) 0(7.0-15.0) 10.0 (7.0-15.0) 0.002 10.0 (7.0-15.0) 10.0 (7.0-15.0) 0.064
Missing 73(0.8%) 26 (0.9%) 27 (0.9%) 26 (0.9%)
30-day mortality? 182 (2.0%) 8(0.3%) <0.001 112 (3.7%) 8(0.3%) <0.001
90-day mortality? 291 (3.3%) 20 (0.7%) <0.001 166 (5.5%) 0(0.7%) <0.001

Abbreviations: IQR, interquartile range, LOS, length of stay.
?All-cause mortality.
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TABLE 4 Ninety-day cause-specific mortality before and after propensity score matching -
Before matching After matching
Statin Statin
Variable - (n=8947) Statin + (n = 3019) p-value -(n=3017) Statin + (n = 3017) p-value
Cardiovascular event 90 (1.0%) 8(0.3%) <0.001 50 (1.7%) 8(0.3%) <0.001
Respiratory event 41 (0.5%) 1(0.0%) <0.001 27 (0.9%) 1(0.0%) <0.001
Cerebrovascular insult 8(0.1%) 2 (0.1%) 1 5(0.2%) 2 (0.1%) 0.45
Sepsis 24 (0.3%) 0(0.0%) 0.001 12 (0.4%) 0(0.0%) 0.001
Multiorgan failure 109 (1.2%) 8(0.3%) <0.001 62 (2.1%) 8(0.3%) <0.001

advantages of reduced incidence of postoperative sepsis (2.89% vs.
6.60%, P =0.01) and anastomotic failure (1.29% vs. 4.13%, P = 0.014)
in patients on statin therapy. While complication rates were not an-
alysed in our study, deaths due to sepsis were significantly lower in
patients on statin therapy.

A Danish nationwide observational study by Fransgaard et al.
investigating the relationship between preoperative statin use and
postoperative outcomes after colorectal surgery did not find any
risk reduction in 30-day postoperative mortality (hazard ratio 0.91,
95% C10.80-1.04, p = 0.16) [16]. However, the interpretation of their
results is difficult since both colon and rectal resections were in-
cluded, as well as elective and emergent procedures, without any
subgroup analyses. The authors of the present study strongly be-
lieve that elective and emergency resections should be assessed
separately since emergency cases frequently present with worse
morbidity and carry much higher early mortality and less favour-
able oncological outcomes [27-29]. A similar large Danish registry-
based study by Bisgard et al. showed no difference between groups
in their univariate analysis of 30-day postoperative mortality [15].
Again, their study did not differ between colon and rectal cancers
when comparing mortality rates. In contrast to the above-outlined
studies, the current study design exclusively involved rectal cancer
resections, which differ from colon cancer resections with regard to
anatomy, the complexity of the surgical procedure and differences in
associated neoadjuvant and adjuvant treatment modalities; in addi-
tion, rectal cancer resection is almost always an elective procedure.
Therefore, patients undergoing rectal cancer surgery are more sus-
ceptible to adverse postoperative outcomes [15,30].

Several explanations for the observed beneficial effects of sta-
tin therapy present themselves. Statins have been shown to possess
pleiotropic characteristics by which they can improve endothelial
function, maintain plaque stability, prevent antithrombotic events
and modulate inflammatory responses. These effects are believed
to be mediated through inhibition of the conversion of HMG-CoA
to mevalonate, which hampers the downstream synthesis of iso-
prenoids [31]. Endothelial and immunomodulatory effects are most
likely to be of the greatest importance against the surgical stress
response as such properties provide both cardiovascular and anti-
inflammatory protection. The anti-inflammatory properties of statin
therapy are manifested as lower postoperative bloodstream levels
of proinflammatory cytokines. In a prospective randomized trial by

Singh and colleagues, perioperative simvastatin therapy was evalu-
ated in the context of colorectal surgery [17]. Although no significant
differences in mortality were detected, lower plasma concentrations
of interleukins 6 and 8 and tumour necrosis factor o« were measured
in patients receiving simvastatin. Other investigations have shown
a clear association between the reduction of postoperative proin-
flammatory cytokines and improved patient outcomes after rectal
resection [9,10]. Some of these mechanisms might explain our find-
ings that the incidence of inflammatory-mediated specific causes of
death, such as sepsis, multiorgan and respiratory failure, was signifi-
cantly lower in the statin-user cohort.

Moreover, statin users displayed decreased deaths of cardiovas-
cular origin despite having more cardiovascular comorbidities. This
may be explained by the proposed reparative effects of statins on
endothelial cells. There is a body of evidence in the literature to sup-
port this claim [4].

Statins have also been proposed to exhibit anticancer effects by
inhibiting cell proliferation and tumour growth [32]. Meta-analyses
have reported that statin use both before and after cancer diagno-
sis is associated with lower rates of all-cause and cancer-specific
mortality in patients with colorectal cancer [33,34]. This observa-
tion strengthens the theory of a longitudinal antineoplastic effect
provided by statins. In the present study, a lower prevalence of ad-
vanced stage cancer was observed in patients with ongoing statin
therapy at the time of surgery. While no conclusions may be drawn,
we suggest that this could be the result of a possible effect of statin
therapy on rectal carcinoma proliferation. Previous studies have also
suggested that statin users show complete response to neoadjuvant
chemoradiation compared with nonusers, which further justifies the
use of this drug as part of the overall optimization process of pa-
tients with rectal cancer who are planned for surgery [35,36]. At this
point, however, there is insufficient evidence to implement statin
treatment for all patients diagnosed with rectal cancer.

This study possesses several limitations. Firstly, despite the
use of propensity score matching to generate similar baseline pa-
tient demographics between groups, with additional regression
analyses to control for covariates in the model, there is a risk of
residual confounding, as with all retrospective studies. Secondly,
the inability to adjust for preadmission and in-hospital adminis-
tration of statin therapy makes it difficult to distinguish whether
beneficial results are due to pre- or postoperative use. Thirdly, the
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pharmacological features of various types of statins might differ
and have not been adjusted for in this study. However, differences
in pleiotropic effects based on drug type have not been reported
[37]. Finally, the authors recognize that many patients who are
prescribed statins may have cardiovascular diseases that require
medical treatment other than statins. Therefore, there may be
other important drugs that have not been controlled for which
may contribute to the observed protective effect of statins. Future
studies may benefit from exploring the role of several cardiovas-
cular drugs and whether any differences are seen in the context
of rectal cancer surgery. The strengths of this study are based on
the nationwide population-based design that minimizes selection
bias since virtually all adult patients who underwent rectal cancer
surgery in Sweden during the study period were included. Data
were provided from a prospectively collected registry containing
over 99.5% of all cases of rectal cancer surgery, as well as the use
of the Swedish Board of Health and Welfare's national registries
that have a 100% coverage rate concerning drug prescriptions.
Additionally, this study only covers cases of surgical resection
for rectal cancer from a nation with universal health care, offer-
ing a patient group that has, to a larger extent, undergone a stan-
dardized surgical treatment with a fairly extensive preoperative
work-up to allow for preoperative optimization.

CONCLUSION

This cohort study shows a strong association between statin therapy
and reduced postoperative mortality following surgical resection for
rectal cancer. Prospectively controlled trials are warranted to deter-

mine whether a causal relationship exists.

CONFLICT OF INTEREST
The authors have no conflicts of interest to declare and have re-
ceived no financial benefit in the execution of this study.

ETHICS APPROVAL

Ethical approval was obtained from the Regional Ethical Review
Board (Ref. 2018/400, Uppsala, Sweden). The study was con-
ducted in line with the Declaration of Helsinki and Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines

AUTHOR CONTRIBUTIONS

Study design: SM, AP, RA, PM.

Data collection: SM, RA, GS, PM.

Analysis and interpretation of data: SM, AP, GS, YC, MPF.
Article draft: SM, AP, RA, GAB, PM.

All authors have critically revised and accepted the submitted article.

DATA AVAILABILITY STATEMENT
The data are available upon reasonable request from the editorial
board.

ORCID

Arvid Pourlotfi
Gary A. Bass
Yang Cao

Shahin Mohseni

https://orcid.org/0000-0003-1043-9693
https://orcid.org/0000-0002-1918-9443
https://orcid.org/0000-0002-3552-9153
https://orcid.org/0000-0001-7097-487X

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Jakobson T, Karjagin J, Vipp L, Padar M, Parik A-H, Starkopf L, et al.
Postoperative complications and mortality after major gastrointes-
tinal surgery. Medicina (Mex). 2014;50:111-7.

Sido B, Teklote J-R, Hartel M, Friess H, Blichler MW. Inflammatory
response after abdominal surgery. Best Pract Res Clin Anaesthesiol.
2004;18:439-54.

Smit LC, Bruins MJ, Patijn GA, Ruijs GJHM. Infectious complica-
tions after major abdominal cancer surgery. In search of improvable
risk factors. Surg Infect. 2016;17:683-93.

Smilowitz NR, Berger JS. Perioperative cardiovascular risk assess-
ment and management for noncardiac surgery: a review. J Am Med
Assoc. 2020;324:279-90.

Ferreyra G, Long Y, Ranieri VM. Respiratory complications after
major surgery. Curr Opin Crit Care. 2009;15:342-8.

Macellari F, Paciaroni M, Agnelli G, Caso V. Perioperative stroke risk
in nonvascular surgery. Cerebrovasc Dis. 2012;34:175-81.
Ricciardi R, Roberts PL, Read TE, Hall JF, Marcello PW, Schoetz DJ.
Which adverse events are associated with mortality and prolonged
length of stay following colorectal surgery? J Gastrointest Surg.
2013;17:1485-93.

Penninckx F, Kartheuser A, van de Stadt JV, Pattyn P, Mansvelt
B, Bertrand C, et al. Outcome following laparoscopic and open
total mesorectal excision for rectal cancer. Br J Surg. 2013;100:
1368-75.

Kvarnstrom A, Swartling T, Kurlberg G, Bengtson J-P, Bengtsson
AG. Pro-inflammatory cytokine release in rectal surgery: compar-
ison between laparoscopic and open surgical techniques. Arch
Immunol Ther Exp (Warsz). 2013;61:407-11.

Baker EA, EI-Gaddal S, Williams L, Leaper DJ. Profiles of inflamma-
tory cytokines following colorectal surgery: relationship with wound
healing and outcome. Wound Repair Regen. 2006;14:566-72.
Brookes ZLS, McGown CC, Reilly CS. Statins for all: the new pre-
med? Br J Anaesth. 2009;103:99-107.

Disbrow D, Seelbach CL, Albright J, Ferraro J, Wu J, Hain JM,
et al. Statin medications are associated with decreased risk of
sepsis and anastomotic leaks after rectal resections. Am J Surg.
2018;216:31-6.

Battersby CLF, Green P, Vyapury V, Rooney PS, Hunt J. PTU-227
Statins may modify colorectal anastomotic leak risk in high risk pa-
tients. Gut. 2015;64:A162-3.

Singh PP, Srinivasa S, Bambarawana S, Lemanu DP, Kahokehr AA,
Zargar-Shoshtari K, et al. Perioperative use of statins in elective
colectomy. Dis Colon Rectum. 2012;55:205-10.

Bisgard AS, Noack MW, Klein M, Rosenberg J, Gogenur I.
Perioperative statin therapy is not associated with reduced risk of
anastomotic leakage after colorectal resection. Dis Colon Rectum.
2013;56:980-6.

Fransgaard T, Thygesen LC, Goégenur |. Statin use is not associated
with improved 30-day survival in patients undergoing surgery for
colorectal cancer. Int J Colorectal Dis. 2018;33:199-207.

Singh PP, Lemanu DP, Soop M, Bissett IP, Harrison J, Hill AG.
Perioperative simvastatin therapy in major colorectal surgery: a
prospective, double-blind randomized controlled trial. J Am Coll
Surg. 2016;223(2):308-20. el.

Swedish Colorectal Cancer Registry (SCRCR). Nationella
Kvalitetsregister, http://kvalitetsregister.se/englishpages/finda


https://orcid.org/0000-0003-1043-9693
https://orcid.org/0000-0003-1043-9693
https://orcid.org/0000-0002-1918-9443
https://orcid.org/0000-0002-1918-9443
https://orcid.org/0000-0002-3552-9153
https://orcid.org/0000-0002-3552-9153
https://orcid.org/0000-0001-7097-487X
https://orcid.org/0000-0001-7097-487X
http://kvalitetsregister.se/englishpages/findaregistry/registerarkivenglish/swedishcolorectalcancerregistryscrcr.2156.html

POURLOTFI ET AL.

ot e i

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

registry/registerarkivenglish/swedishcolorectalcancerregistr
yscrcr.2156.html (accessed 22 March 2020).

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40:373-83.
Lakemedelsregistret. Socialstyrelsen. https://www.socialstyrelsen.
se/statistik-och-data/register/alla-register/lakemedelsregistret/
(accessed 25 November 2020).

Rosenbaum PR, Rubin DB. The central role of the propensity score in
observational studies for causal effects. Biometrika. 1983;70:41-55.
Armstrong BG, Gasparrini A, Tobias A. Conditional Poisson models:
a flexible alternative to conditional logistic case cross-over analysis.
BMC Med Res Methodol. 2014;14:122.

Ho D, Imai K, King G, Stuart EA. Matchlt: nonparametric prepro-
cessing for parametric causal inference, https://gking.harvard.edu/
matchit (accessed 21 July 2020).

Swedish National Board of Health and Welfare. (2007-2016). Statin
prescription: residents 55-84 years of age. National Prescribed
Drug Register, https://sdb.socialstyrelsen.se/if_lak/val.aspx (ac-
cessed 21 July 2020).

Noordzij PG, Poldermans D, Schouten O, Schreiner F, Feringa HHH,
Dunkelgrun M, et al. Beta-blockers and statins are individually as-
sociated with reduced mortality in patients undergoing noncardiac,
nonvascular surgery. Coron Artery Dis. 2007;18:67-72.
Lindenauer PK, Pekow P, Wang K et al. Lipid-lowering therapy and
in-hospital mortality following major noncardiac surgery. J Am Med
Assoc. 2004;291:2092-9.

Bass G, Fleming C, Conneely J, Martin Z, Mealy K. Emergency first
presentation of colorectal cancer predicts significantly poorer out-
comes: a review of 356 consecutive Irish patients. Dis Colon Rectum.
2009;52:678-84.

Ahl R, Matthiessen P, Fang X, Cao Y, Sjolin G, Lindgren R, et al.
Effect of beta-blocker therapy on early mortality after emergency
colonic cancer surgery. Br J Surg. 2019;106:477-83.

Ahl R, Matthiessen P, Sjélin G, Cao Y, Wallin G, Ljungqvist O, et al.
Effects of beta-blocker therapy on mortality after elective colon
cancer surgery: a Swedish nationwide cohort study. BMJ Open.
2020;10:e036164.

30.

31.

32.

33.

34.

35.

36.

37.

& 2@l

Konishi T, Watanabe T, Kishimoto J, Nagawa H. Elective colon and
rectal surgery differ in risk factors for wound infection. Ann Surg.
2006;244:758-63.

Laufs U, Liao JK. Isoprenoid metabolism and the pleiotropic effects
of statins. Curr Atheroscler Rep. 2003;5:372-8.

Demierre M-F, Higgins PDR, Gruber SB, Hawk E, Lippman SM.
Statins and cancer prevention. Nat Rev Cancer. 2005;5:930-42.
Cai H, Zhang G, Wang Z, Luo Z, Zhou X. Relationship between the
use of statins and patient survival in colorectal cancer: a systematic
review and meta-analysis. PLoS One. 2015;10:e0126944.

Li Y, He X, Ding Y, Chen H, Sun L. Statin uses and mortality in col-
orectal cancer patients: an updated systematic review and meta-
analysis. Cancer Med. 2019;8:3305-13.

Mace AG, Gantt GA, Skacel M, Pai R, Hammel JP, Kalady MF.
Statin therapy is associated with improved pathologic response to
neoadjuvant chemoradiation in rectal cancer. Dis Colon Rectum.
2013;56:1217-27.

Kotti A, Holmqvist A, Albertsson M, Sun XF. Survival benefit of
statins in older patients with rectal cancer: a Swedish population-
based cohort study. J Geriatr Oncol. 2019;10:690-7.

Arnaboldi L, Corsini A. Do structural differences in statins correlate
with clinical efficacy? Curr Opin Lipidol. 2010;21:298-304.

o

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Pourlotfi A, Ahl R, Sjolin G, et al. Statin
therapy and postoperative short-term mortality after rectal
cancer surgery. Colorectal Dis. 2021;23:875-881. https://doi.
org/10.1111/codi.15481



http://kvalitetsregister.se/englishpages/findaregistry/registerarkivenglish/swedishcolorectalcancerregistryscrcr.2156.html
http://kvalitetsregister.se/englishpages/findaregistry/registerarkivenglish/swedishcolorectalcancerregistryscrcr.2156.html
https://www.socialstyrelsen.se/statistik-och-data/register/alla-register/lakemedelsregistret/
https://www.socialstyrelsen.se/statistik-och-data/register/alla-register/lakemedelsregistret/
https://gking.harvard.edu/matchit
https://gking.harvard.edu/matchit
https://sdb.socialstyrelsen.se/if_lak/val.aspx
https://doi.org/10.1111/codi.15481
https://doi.org/10.1111/codi.15481

