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Abstract

Purpose
There is a potential bene�t with concurrent statin use and neoadjuvant therapy for rectal cancer. The impact of
statins on pathologic response following short-course neoadjuvant radiation has yet to be studied. This study aimed
to elucidate the impact statin use on tumor response to short-course neoadjuvant radiation.

Methods
This retrospective cohort study included patients receiving short-course neoadjuvant radiation and subsequently
undergoing oncologic resection for stage II/III rectal adenocarcinoma from 2014–2020. Exclusion criteria included
recurrent disease, total neoadjuvant therapy (TNT), and oncologic resection less than six weeks after neoadjuvant
therapy. The primary outcome was pathologic complete response (pCR). Secondary outcomes included graded
pathologic response and incidence of radiation-associated toxicity. Univariable logistic regressions and stepwise
multivariable logistic regressions were performed.

Results
Seventy-nine patients (mean age: 68.6 ± 11.2 years, 39.2% female) met inclusion criteria. Prior to neoadjuvant
therapy, median T-stage was 3 (range: 1–4), median N-stage was 1 (range: 0–2), and mean tumor distance from the
anal verge was 6.3cm (± 2.9). Thirty-�ve patients (44.3%) were using statins. Overall, 7.6% experienced pCR and
29.1% had no treatment response on pathology. Radiation-associated toxicity was 43.0%. Statin use was not
associated with pCR (OR 2.71, 95%CI 0.47–15.7, p = 0.27), however on stepwise multivariable logistic regression,
statin use was associated with decreased prevalence of no response (OR 0.08, 95%CI 0.01–0.43, p = 0.003).

Conclusions
Statins may offer a synergistic effect when given concurrently with short-course neoadjuvant radiation for rectal
cancer. Further prospective study evaluating the use of statins in conjunction with neoadjuvant therapy is warranted.

Introduction
Colorectal cancer is the third most common cancer worldwide.1 While rates are increasing, cancer speci�c mortality
continues to decrease.2 Advancement in surgical technique and adjunctive therapies have signi�cantly improved
both short- and long-term outcomes in these patients.3,4 In rectal cancer patients speci�cally, the use of neoadjuvant
protocols involving radiation alone or concurrent chemoradiotherapy has nearly halved local recurrence rates
following radical oncologic resection.5,6 Novel approaches to neoadjuvant therapy for rectal cancer include total
neoadjuvant therapy (TNT) and the use of contemporary antineoplastic agents, such as bevacizumab, as
chemosensitizers have demonstrated the potential to further these survival bene�ts.7,8 As neoadjuvant strategies
have continued to improve, attention has turned to eradication of viable tumor cells and the potential to avoid
de�nitive oncologic resection.
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Following neoadjuvant therapy, the absence of residual viable tumor cells in the surgical specimen is termed
pathologic complete response (pCR).9 This is associated with improved clinical outcomes, thus, clinicopathological
predictors of pCR have become an active area of research.10 One such potential predictor is statin use. These
medications are well known for lowering low-density lipoprotein cholesterol in patients with dyslipidemia and
cardiovascular disease.11,12 More recently, statins have demonstrated bene�t in oncology patients.13,14 In colorectal
cancer, statins may interfere with Ras oncogene activation, thus inhibiting tumor cell proliferation.15Ras oncogene
activation has also been associated with reduced radio-sensitivity in rectal cancer.16,17 Accordingly, concurrent use of
statins and neoadjuvant therapy for rectal cancer has been explored.

Observational studies have demonstrated a wide range of effects from statin therapy on pCR, with some reporting
statistically signi�cant improvement.18–20 A recent systematic review and meta-analysis demonstrated a four percent
absolute increase in pCR prevalence in patients taking statins compared to patients not taking statins, which was not
statistically signi�cant.14 Additionally, concurrent statin use may contribute to reduced treatment-related toxicity as
they have demonstrated the ability to modulate acute radiotherapy-related tissue in�ammatory response through
inhibition of endothelial cell damage and in�ammatory cytokine activation.21,22 A phase II randomized clinical trial
(RCT) is currently ongoing examining the impact of concurrent statin use and long-course neoadjuvant
chemoradiation.23 However, only one study has examined the impact of concurrent statin use in patients undergoing
short-course neoadjuvant radiation.24 Moreover, this study only reported long-term oncologic outcomes, in which they
found a bene�t for statin use in a subgroup of older patients. As such, the impact of statin use on short-term
response to short-course neoadjuvant radiotherapy has yet to be evaluated. This is of increasing relevance as the
results of the RAPIDO trial begin to disseminate into clinical practice.25 The RAPIDO trial provides RCT evidence that
short-course neoadjuvant radiotherapy in combination with a complete course of neoadjuvant systemic
chemotherapy is superior to long-course neoadjuvant chemoradiotherapy in pCR and three-year disease related
treatment failure. Therefore, the use of short-course neoadjuvant radiotherapy as part of neoadjuvant treatment is
likely to increase.26 Understanding the interaction between statin therapy and short-course neoadjuvant radiotherapy
will be essential to inform whether incorporating statins into contemporary neoadjuvant protocols carries potential
for improved outcomes. As such, this retrospective cohort study explored the impact of concurrent statin use during
short-course neoadjuvant radiotherapy for rectal cancer on pathologic response.

Materials and Methods

Patient Selection
Electronic medical records (EMR) of all patients with biopsy-proven clinical stage II or III rectal adenocarcinoma
undergoing short course neoadjuvant radiotherapy followed by oncologic resection at a single tertiary care centre
between July 1st, 2014 and July 1st, 2020 were retrospectively searched. Patients were included if their EMR
contained a pathologist report of pathologic tumor stage according to the American Joint Committee on Cancer
(AJCC) staging system for colorectal cancer and a tumor regression grade.27,28 Patients were excluded if they
underwent long-course neoadjuvant chemoradiotherapy, immunotherapy, total neoadjuvant therapy, or if they failed
to complete 80% or more of their planned neoadjuvant radiation. Patients with recurrent rectal cancer were excluded.
Patients undergoing de�nitive oncologic resection less than six weeks following the receipt of their last dose of
neoadjuvant radiation were excluded. This retrospective cohort study was reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.29 Local ethics review
board approval was obtained prior to commencement of the study.
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Treatment Details
All patients were evaluated by a surgeon, a medical oncologist, and a radiation oncologist following completion of
their staging investigations which consisted of a carcinoembryonic antigen (CEA), computed tomography (CT) of the
chest, abdomen, and pelvis with intravenous contrast, and magnetic resonance imaging (MRI) of the pelvis with
gadolinium. All included patients underwent locoregional short-course neoadjuvant radiotherapy, receiving 25-gray
(Gy) in �ve daily fractions to a clinical target volume consisting of the rectal primary and the mesorectal, presacral,
internal iliac, and lower common iliac lymph node regions. Treatment was planned and administered using either
intensity-modulated radiation therapy or volumetric modulated arc therapy. “Watch-and-wait” protocols were not
available at our institution during the study period and thus all included patients proceeded to oncologic resection
between 6- and 12-weeks following completion of their neoadjuvant radiation. Patients underwent tumor-speci�c
total mesorectal excision.30 Resections were performed either via laparotomy or laparoscopy, based on patient- and
tumor-factors, as well as surgeon preference. All resected surgical specimens underwent sectioning and pathologic
tumor staging according to Quirke’s methodology.31,32 Pathology synoptic reports were standardized according to
Cancer Care Ontario.33

Outcomes Assessed
The primary outcome was pCR. The de�nition of pCR for the purposes of the present study was the absence of
residual viable tumor cells within the area of rectum treated with neoadjuvant radiotherapy on postoperative
pathological evaluation of a surgical specimen derived from an oncologic resection.27

The secondary outcomes included graded pathologic response, prevalence of radiation-associated toxicity, and MRI-
based tumor regression grade (mrTRG). The graded pathologic response was according to the AJCC criteria for
determining pathologic response to neoadjuvant radiotherapy for rectal cancer proposed by Mace et al.34 The
grading system was adopted as follows: TRG 0 = no viable tumor cells detected (pCR); TRG 1 = a single or a small
group of malignant cells observed (good response); TRG 2 = residual malignant cells that have been outgrown by
�brosis (some response); TRG 3 = minimal or no destruction of previously identi�ed malignant cells (no response).34

Radiation-associated toxicity was evaluated according to the National Cancer Institute (NCI) Common Terminology
Criteria for Adverse Events (CTCAE) v5.0.35 The mrTRG is a �ve-point scale used to classify the degree of tumor
regression from pre-neoadjuvant MRI to post-neoadjuvant MRI T2-weighted images and correlates with pCR.36,37

Data Collection
Three study personnel extracted data onto a data collection manual designed a priori. Baseline patient characteristics
as well as preoperative MRI reports, neoadjuvant therapy information, surgical pathology reports, and medical
oncology, radiation oncology, and surgical follow up dictations were accessed through institution speci�c EMRs.
Standardized Cancer Care Ontario synoptic pathology reports were reviewed for details pertaining to neoadjuvant
treatment response and pathologic cancer staging. Adverse reactions secondary to radiotherapy were found in
dictated radiation and surgical follow-up documentation. The mrTRGs were abstracted from post-neoadjuvant MRI
reports.

Statistical Analysis
Descriptive statistics were used to characterize the sample population. Continuous variables were described as
means with standard deviations, while categorical variables were reported as proportions. Statistical signi�cance
was set at p < 0.05 a priori and 95% con�dence intervals were provided where applicable. Independent two-tailed t-
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tests, Mann-Whitney U tests, and the Chi-Square test were performed to determine differences in patient, disease, and
treatment characteristics, as well as treatment response between statin users and non-users for normally distributed
continuous variables, non-normally distributed continuous variables, and categorical variables, respectively.
Univariable logistic regression analyses were performed to estimate the association of patient, tumor, and treatment
characteristics with the primary and secondary outcomes. A stepwise multivariable logistic regression model was
then �tted for outcome variables with at least one signi�cant association demonstrated on univariable logistic
regression. Data were analyzed using STATA (StataCorp, version 15; College Station, TX).

Results

Patient Characteristics
Following review of 182 patient charts, 79 patients (39.2% female, mean age: 68.6 ± 11.2 years) met inclusion
criteria. The chart review process is highlighted in the STROBE �ow diagram in Fig. 1. There were 35 patients (44.3%)
using statins at the commencement of their neoadjuvant therapy. All patients but one received 25.0-Gy of pelvic
radiation dosed in �ve fractions over the course of �ve to seven days. The patients in the statin group were
signi�cantly older (statin: 71.9 ± 10.7 years, no statin: 65.9 ± 11.0 years, p = 0.02). There was no signi�cant difference
in Charlson Comorbidity Index (CCI) between groups (statin: 6.0 ± 2.0, no statin: 5.2 ± 1.9, p = 0.07). Signi�cantly
more patients in the statin group were prescribed metformin (statin: 28.6%, no statin: 9.1%, p = 0.02) and aspirin
(statin: 37.1%, no statin: 2.3%, p < 0.001). Further patient characteristics are in Table 1. 

Disease Characteristics
The median pre-neoadjuvant clinical T- and N-stages were III (range: I-IV) and I (range: 0-II), respectively. The median
post-neoadjuvant clinical T- and N-stages were II (range: 0-IV) and 0 (range: 0–2), respectively. The median pathologic
T- and N-stages were III (range: 0-IV) and 0 (range: 0-II), respectively. The distribution of pathologic stages was as
follows: 27.8% stage I, 27.9% stage II, and 36.7% stage III. There were no signi�cant differences in clinical stage
between statin users and non-users (Table 1).

Tumor Response
Six patients experienced pCR (7.6%). There was no signi�cant difference in prevalence of pCR between statin users
and non-users (statin: 11.4%, no statin: 4.5%, p = 0.25). Evaluation of graded pathologic responses demonstrated that
fewer statin users experienced TRG 3 (i.e., no response) as compared to non-users (statin: 17.1%, no statin: 38.6%, p 
= 0.04). There was no signi�cant difference in statin users and non-users in the number of observed “good response”
grades (statin: 20.0%, no statin: 13.6%, p = 0.45) and “some response” grades (statin: 51.4%, no statin: 43.2, p = 0.47).
Only 11 of the included patients had mrTRG reported on their post-neoadjuvant therapy MRI and there was no
signi�cant difference between groups (Table 1).

The associations between graded pathologic response and patient, treatment, and pre-neoadjuvant disease
characteristics are presented in Table 2. There was no signi�cant association observed with any of the included
variables. 

On univariable logistic regression analysis of the prevalence of pCR with patient, treatment, and pre-neoadjuvant
disease variables, there were no signi�cant associations observed (Table 3). Similarly, there were no variables
signi�cantly associated with good pathologic response or some pathologic response. Univariable logistic regression
analysis of the prevalence of TRG 3 (i.e., no response) to neoadjuvant therapy with patient, treatment, and pre-
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neoadjuvant disease variables, statin use was the only statistically signi�cant association (OR 0.33, 95%CI 0.11–
0.96, p = 0.04). A subsequent stepwise multivariable logistic regression analysis found statin use (OR 0.08, 95%CI
0.01–0.43, p = 0.003) and pre-neoadjuvant clinical N-stage (OR 0.37, 95%CI 0.14–0.99, p = 0.05) to be associated
with a signi�cant decrease in prevalence of TRG 3 (i.e., no response) to neoadjuvant therapy (Table 4).

Given the lack of reporting with regards to mrTRG, a logistic regression analysis was not performed for this outcome.

Adverse Events
Overall, 34 (43.0%) patients experienced an adverse event secondary to neoadjuvant therapy (Table 1). The majority
of adverse events were CTCAE Grade I (67.6%). Five patients (6.5%) had adverse events of Grade III or higher; none of
these patients were statin users. There was no signi�cant difference between statin users and non-users in
prevalence of neoadjuvant therapy-associated adverse events (statin: 37.1%, no statin: 47.7%, p = 0.34). No patient,
disease, or treatment characteristics were signi�cantly associated with the development of neoadjuvant treatment
related adverse events on univariable logistic regression.

Discussion
The present retrospective cohort study examined statin use as a clinical predictor of pCR using a retrospective cohort
of 79 patients undergoing short-course neoadjuvant radiotherapy followed by oncologic resection. While there was
no association demonstrated between statin use and pCR, a statistically signi�cant inverse relationship was
observed between statin use and no pathologic evidence of neoadjuvant treatment response on multivariable
stepwise logistic regression (OR 0.08, 95%CI 0.01–0.43, p = 0.003). There were no other clinicopathologic predictors
of pCR identi�ed. There was no observed association between statin use and neoadjuvant therapy-associated
adverse events, nor was there a signi�cant difference between statin users and non-users in terms of prevalence of
adverse events (p = 0.34).

All included patients in the present study underwent short-course neoadjuvant radiotherapy, which included �ve
fractions over the course of �ve-to-seven days with 5.0-Gy delivered each treatment for a total of 25.0-Gy. Historically,
short-course neoadjuvant radiotherapy was followed by immediate surgery (i.e., within 1–2 weeks), which resulted in
less pathologic tumor response as compared to long-course neoadjuvant chemoradiotherapy which was traditionally
followed by delayed surgery.40 However, in the present study, patients underwent de�nitive oncologic resection
between 6- and 12-weeks following completion of short-course neoadjuvant therapy. The Stockholm III trial
demonstrated improved pCR and lower surgical morbidity in patients undergoing neoadjuvant radiation protocols
that involved delayed oncologic resection (i.e., 4–8 weeks following completion of neoadjuvant therapy). As such,
neoadjuvant therapy with delayed surgery is recommended as standard of care in the most recent National
Comprehensive Cancer Network (NCCN) guidelines for rectal cancer.43

More recently, TNT protocols with short-course radiotherapy have been applied to the management of locally
advanced rectal cancer. The RAPIDO trial is a multi-center, phase III RCT published in 2021 that compared short-
course radiotherapy followed by full-dose chemotherapy (i.e., six cycles of CAPOX or nine cycles of FOLFOX4) to
long-course chemoradiotherapy followed by delayed surgery and optional adjuvant chemotherapy in patients with
locally advanced rectal cancer.25 The TNT group experienced signi�cantly less disease-related treatment failure
compared to the standard long-course chemoradiotherapy group (HR 0.75, 95%CI 0.60–0.95, p = 0.019). Twice as
many patients in the TNT group experienced pCR (28% vs. 14%, p < 0.0001). Similarly, in the more recently published
STELLAR trial, which compared short-course radiotherapy plus four-cycles of CAPOX to long-course neoadjuvant
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chemoradiotherapy, pCR prevalence was signi�cantly greater in the TNT group (21.8% vs. 12.3%, p = 0.002).44 This
trial also demonstrated signi�cantly improved three-year OS with the use of TNT (HR 0.67, 95%CI 0.46–0.97, p = 
0.03). Evidence is also building for TNT protocols involving long-course chemoradiotherapy.38,39 Altogether, TNT
protocols are increasingly relevant for managing locally advanced rectal cancer, some of which incorporate short-
course radiotherapy.26 Secondary analyses of the above RCTs to determine if there is an association between statin
use and pathologic or clinical response could be an important initial step in evaluating the impact of statins on these
novel protocols.

While TNT protocols offer signi�cant promise with regards to pathologic tumor response, there are potential
downsides with regards to treatment-related adverse events. In the STELLAR trial, the risk of CTCAE Grade 3–5
toxicity in the TNT arm was double that of the long-course neoadjuvant chemoradiotherapy arm (26.5% vs. 12.6%, p 
< 0.001).44 Unsurprisingly, the same trial demonstrated a signi�cant reduction in percentage of completed treatments
in the TNT group.44 As such, the importance of interventions aimed at reducing treatment toxicity is furthered by the
advent of TNT. Preclinical studies suggest statins may inhibit radiation-induced �brosis and enteropathy through
inhibition of the Rho pathway.21,22 Human studies offer less conclusive �ndings regarding the association between
statin use and reduced radiation-induced toxicity.19,45 Mace et al. conducted a prospective cohort study comparing
statin users and non-users receiving long-course neoadjuvant therapy for rectal cancer and demonstrated a radiation-
induced toxicity incidence of 2.0% over twelve years.45 Only one of these patients experiencing an adverse event was
on a statin at the time. The overall event rate was too low to adequately assess for a statistically signi�cant
association. In the present study, there was a 10% absolute decrease in prevalence of radiation induced toxicity
according to the CTCAE classi�cation, which did not reach statistical signi�cance. Nonetheless, statins are safe
medications with a very low prevalence of associated adverse events, and concurrent use with neoadjuvant therapy
for rectal cancer does not appear to worsen neoadjuvant therapy-associated toxicity.46

The strengths of the present study include methodological rigour, a thorough chart review, and novelty. This is the
�rst study examining the association between statin use and pathologic tumor response in patients receiving short-
course neoadjuvant radiotherapy. This study also has several limitations. First, there were only 79 patients who met
inclusion criteria. The event rate for pCR was six (7.6%); thus, the study was underpowered for detecting any
signi�cant association between clinicopathologic variables and pCR.14 Second, this was a retrospective study and
therefore has the inherent risk of residual confounding and selection bias. For example, we did not explore time to
surgery as a predictor variable associated with pCR. It is possible that differences in response between a 6-week
delay and a 12-week delay to surgery are a source of residual confounding in the present study. The data abstraction
performed as part of this retrospective chart review was thorough and captured several possible confounders and
effect modi�ers that allowed for a multivariable analysis in attempt to control for some of the confounding present in
this study. Moreover, consecutive sampling was used to reduce selection bias. Third, there were important baseline
differences between groups, such as age, metformin use, and aspirin use. Metformin use and aspirin use have both
been associated with increased pathologic downstaging of rectal tumors following neoadjuvant treatment.49 In the
present study, neither were associated with graded pathologic response on logistic regression. Fourth, only 11 of the
included patients had mrTRG reported on post-neoadjuvant pelvic MRI, thus we were unable to adequately analyze
the association between statin use and radiographic response to neoadjuvant therapy. Last, patients undergoing TNT
and patients enrolled in watch-and-wait protocols were excluded. While we analyzed a homogeneous patient
population, the �ndings are less generalizable to patients enrolled in these more contemporary protocols that are
likely to become increasingly relevant.
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Statin use is a modi�able variable that, while not positively associated with pCR in the present study, did demonstrate
promise in reducing the prevalence of a poor pathologic response to short-course neoadjuvant radiotherapy for rectal
cancer, which may be associated with survival outcomes. Overall, its use in patients with rectal cancer may offer a
safe, synergistic effect when given concurrently with short-course neoadjuvant radiation. Further prospective study
evaluating the use of statins in conjunction with contemporary TNT approaches to locally advanced rectal cancer is
warranted.

Declarations
Acknowledgements: None.

Con�ict of Interest Statement: All authors have no con�icts of interests or �nancial ties to disclose.

Funding Statement: This research was conducted without external or internal sources of funding.

Ethics: This project was approved by the Hamilton Integrated Research Ethics Board (Project # 13033).

Data Availability Statement: The data that support the �ndings of this study are available on request from the
corresponding author. The data are not publicly available to protect the privacy of research participants.

Contributions:

Study concept and design – All authors

Acquisition of data – McKechnie, Schep, Cardenas

Analysis and interpretation of data – All authors

Drafting and revision of manuscript – All authors

Approval of the �nal version of the manuscript – All authors 

References
1. Siegel RL, Miller KD, Fedewa SA, et al. Colorectal cancer statistics, 2017. CA Cancer J Clin. 2017;67(3):177–193.

doi:10.3322/caac.21395

2. Gri�ths CD, McKechnie T, Lee Y, et al. Presentation and survival in colorectal cancer before the age of screening:
A systematic review and meta-analysis. Canadian Journal of Surgery. Published online 2020.

3. van Vugt JLA, Reisinger KW, Derikx JPM, Boerma D, Stoot JHMB. Improving the outcomes in oncological
colorectal surgery. World J Gastroenterol. 2014;20(35):12445–12457. doi:10.3748/wjg.v20.i35.12445

4. Iversen LH, Green A, Ingeholm P, Østerlind K, Gögenur I. Improved survival of colorectal cancer in Denmark during
2001–2012: The efforts of several national initiatives. Acta Oncol (Madr). 2016;55:10–23.
doi:10.3109/0284186X.2015.1131331

5. Folkesson J, Birgisson H, Pahlman L, Cedermark B, Glimelius B, Gunnarsson U. Swedish rectal cancer trial: Long
lasting bene�ts from radiotherapy on survival and local recurrence rate. Journal of Clinical Oncology.
2005;23(24):5644–5650. doi:10.1200/JCO.2005.08.144



Page 9/17

�. Sauer R, Liersch T, Merkel S, et al. Preoperative versus postoperative chemoradiotherapy for locally advanced
rectal cancer: Results of the German CAO/ARO/AIO-94 randomized phase III trial after a median follow-up of 11
years. Journal of Clinical Oncology. 2012;30(16):1926–1933. doi:10.1200/JCO.2011.40.1836

7. Petrelli F, Trevisan F, Cabiddu M, et al. Total Neoadjuvant Therapy in Rectal Cancer: A Systematic Review and
Meta-analysis of Treatment Outcomes. Ann Surg. 2020;271(3):440–448. doi:10.1097/SLA.0000000000003471

�. Crane CH, Eng C, Feig BW, et al. Phase II Trial of Neoadjuvant Bevacizumab, Capecitabine, and Radiotherapy for
Locally Advanced Rectal Cancer. Int J Radiat Oncol Biol Phys. 2010;76(3):824–830.
doi:10.1016/j.ijrobp.2009.02.037

9. Glynne-Jones R, Hughes R. Critical appraisal of the “wait and see” approach in rectal cancer for clinical complete
responders after chemoradiation. British Journal of Surgery. 2012;99(7):897–909. doi:10.1002/bjs.8732

10. Tan Y, Fu D, Li D, et al. Predictors and risk factors of pathologic complete response following neoadjuvant
chemoradiotherapy for rectal cancer: A population-based analysis. Front Oncol. 2019;9(JUN):1–9.
doi:10.3389/fonc.2019.00497

11. Perreault S, Blais L, Lamarre D, et al. Persistence and determinants of statin therapy among middle-aged patients
for primary and secondary prevention. Br J Clin Pharmacol. 2005;59(5):564–573. doi:10.1111/j.1365-
2125.2005.02355.x

12. Taylor C, Huffman M, Ebrahim S. Statins for primary prevention of cardiovascular disease. JAMA.
2013;310(22):2451–2452. doi:10.1136/bmj.i6334

13. Kawata S, Yamasaki E, Nagase T, et al. Effect of pravastatin on survival in patients with advanced hepatocellular
carcinoma. A randomized controlled trial. Br J Cancer. 2001;84(7):886–891. doi:10.1054/bjoc.2000.1716

14. McKechnie T, Talwar G, Lee Y, Levine O, Eskicioglu C. Concurrent use of statins and neoadjuvant
chemoradiotherapy for rectal cancer: a systematic review and meta-analysis. Int J Colorectal Dis.
2021;36(12):2715–2727. doi:10.1007/s00384-021-04016-3

15. Chan KK, Oza AM, Siu LL. The statins as anticancer agents. Clin Cancer Res. 2003;9:10–19.

1�. Peng J, Lin J, Qiu M, et al. Oncogene mutation pro�le predicts tumor regression and survival in locally advanced
rectal cancer patients treated with preoperative chemoradiotherapy and radical surgery. Tumor Biology.
2017;39(7). doi:https://doi.org/10.1177/1010428317709638

17. Bernhard EJ, McKenna WG, Hamilton AD, et al. Inhibiting ras prenylation increases the radiosensitivity of human
tumor cell lines with activating mutations of ras oncogenes. Cancer Res. 1998;58(8):1754–1761.

1�. Katz MS, Minsky BD, Saltz LB, Riedel E, Chessin DB, Guillem JG. Association of statin use with a pathologic
complete response to neoadjuvant chemoradiation for rectal cancer. Int J Radiat Oncol Biol Phys.
2005;62(5):1363–1370. doi:10.1016/j.ijrobp.2004.12.033

19. Hardie C, Jung Y, Jameson M. Effect of statin and aspirin use on toxicity and pathological complete response
rate of neo-adjuvant chemoradiation for rectal cancer. Asia Pac J Clin Oncol. 2016;12(2):167–173.
doi:10.1111/ajco.12468

20. Armstrong D, Raissouni S, Price Hiller J, et al. Predictors of Pathologic Complete Response after Neoadjuvant
Treatment for Rectal Cancer: A Multicenter Study. Clin Colorectal Cancer. 2015;14(4):291–295.
doi:10.1016/j.clcc.2015.06.001

21. Holler V, Buard V, Gaugler MH, et al. Pravastatin limits radiation-induced vascular dysfunction in the skin. Journal
of Investigative Dermatology. 2009;129(5):1280–1291. doi:10.1038/jid.2008.360

22. Haydont V, Bourgier C, Pocard M, et al. Pravastatin inhibits the Rho/CCN2/extracellular matrix cascade in human
�brosis explants and improves radiation-induced intestinal �brosis in rats. Clinical Cancer Research.



Page 10/17

2007;13(18):5331–5340. doi:10.1158/1078-0432.CCR-07-0625

23. Jameson MB, Gormly K, Espinoza D, et al. SPAR - A randomised, placebo-controlled phase II trial of simvastatin
in addition to standard chemotherapy and radiation in preoperative treatment for rectal cancer: An AGITG clinical
trial. BMC Cancer. 2019;19(1):1–12. doi:10.1186/s12885-019-6405-7

24. Kotti A, Holmqvist A, Albertsson M, Sun XF. Survival bene�t of statins in older patients with rectal cancer: A
Swedish population-based cohort study. J Geriatr Oncol. 2019;10(5):690–697. doi:10.1016/j.jgo.2019.01.011

25. Bahadoer RR, Dijkstra EA, van Etten B, et al. Short-course radiotherapy followed by chemotherapy before total
mesorectal excision (TME) versus preoperative chemoradiotherapy, TME, and optional adjuvant chemotherapy in
locally advanced rectal cancer (RAPIDO): a randomised, open-label, phase 3 trial. Lancet Oncol. 2021;22(1):29–
42. doi:10.1016/S1470-2045(20)30555-6

2�. Cercek A, Roxburgh CSD, Strombom P, et al. Adoption of total neoadjuvant therapy for locally advanced rectal
cancer. JAMA Oncol. 2018;4(6). doi:10.1001/jamaoncol.2018.0071

27. Ryan R, Gibbons D, Hyland JMP, et al. Pathological response following long-course neoadjuvant
chemoradiotherapy for locally advanced rectal cancer. Histopathology. 2005;47(2):141–146. doi:10.1111/j.1365-
2559.2005.02176.x

2�. Weiser MR. AJCC 8th Edition: Colorectal Cancer. Ann Surg Oncol. 2018;25(6):1454–1455. doi:10.1245/s10434-
018-6462-1

29. Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE): Explanation and Elaboration. PLoS Medicine | www.2007;4. doi:10.1371/journal.pmed

30. Lowry AC, Simmang CL, Boulos P, et al. Consensus statement of de�nitions for anorectal physiology and rectal
cancer: Report of the tripartite consensus conference on de�nitions for anorectal physiology and rectal cancer,
Washington, D.C., May 1, 1999. Dis Colon Rectum. 2001;44(7):915–919. doi:10.1007/BF02235475

31. Cancer Care Ontario. Synoptic Pathology Reporting. Accessed July 26, 2022.
https://www.cancercareontario.ca/en/guidelines-advice/treatment-modality/pathology-laboratory-
testing/synoptic-pathology-reporting

32. Mace AG, Pai RK, Stocchi L, Kalady MF. American Joint Committee on Cancer and College of American
Pathologists Regression Grade: A New Prognostic Factor in Rectal Cancer. Dis Colon Rectum. 2015;58(1):32–44.
doi:10.1097/DCR.0000000000000266

33. Common Terminology Criteria for Adverse Events (CTCAE) v5.0. US Department of Health and Human Services.
Published 2017. Accessed August 2, 2022.
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf

34. Patel UB, Taylor F, Blomqvist L, et al. Magnetic resonance imaging-detected tumor response for locally advanced
rectal cancer predicts survival outcomes: MERCURY experience. Journal of Clinical Oncology.
2011;29(28):3753–3760. doi:10.1200/JCO.2011.34.9068

35. Patel UB, Brown G, Rutten H, et al. Comparison of magnetic resonance imaging and histopathological response
to chemoradiotherapy in locally advanced rectal cancer. Ann Surg Oncol. 2012;19(9):2842–2852.
doi:10.1245/s10434-012-2309-3

3�. Garcia-Aguilar J, Patil S, Gollub MJ, et al. Organ Preservation in Patients With Rectal Adenocarcinoma Treated
With Total Neoadjuvant Therapy. Journal of clinical oncology. Published online 2022:JCO2200032-
JCO2200032. doi:10.1200/JCO.22.00032

37. Conroy T, Bosset JF, Etienne PL, et al. Neoadjuvant chemotherapy with FOLFIRINOX and preoperative
chemoradiotherapy for patients with locally advanced rectal cancer (UNICANCER-PRODIGE 23): a multicentre,



Page 11/17

randomised, open-label, phase 3 trial. Lancet Oncol. 2021;22(5):702–715. doi:10.1016/S1470-2045(21)00079-6

3�. Dutta SW, Alonso CE, Jones TC, Waddle MR, Janowski EM, Tri�letti DM. Short-course Versus Long-course
Neoadjuvant Therapy for Non-metastatic Rectal Cancer: Patterns of Care and Outcomes From the National
Cancer Database. Clin Colorectal Cancer. 2018;17(4):297–306. doi:10.1016/j.clcc.2018.07.008

39. Erlandsson J, Holm T, Pettersson D, et al. Optimal fractionation of preoperative radiotherapy and timing to
surgery for rectal cancer (Stockholm III): a multicentre, randomised, non-blinded, phase 3, non-inferiority trial.
Lancet Oncol. 2017;18(3):336–346. doi:10.1016/S1470-2045(17)30086-4

40. Erlandsson J, Lörinc E, Ahlberg M, et al. Tumour regression after radiotherapy for rectal cancer – Results from
the randomised Stockholm III trial. Radiotherapy and oncology. 2019;135:178–186.
doi:10.1016/j.radonc.2019.03.016

41. Benson AB, Venook AP, Al-Hawary MM, et al. Rectal cancer, version 2.2018 clinical practice guidelines in
Oncology. JNCCN Journal of the National Comprehensive Cancer Network. 2018;16(7):874–901.
doi:10.6004/jnccn.2018.0061

42. Jin J, Tang Y, Hu C, et al. Multicenter, Randomized, Phase III Trial of Short-Term Radiotherapy Plus Chemotherapy
Versus Long-Term Chemoradiotherapy in Locally Advanced Rectal Cancer (STELLAR). Journal of Clinical
Oncology. 2022;40(15):1681–1692. doi:10.1200/JCO.21.01667

43. 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(11):1217–
1227. doi:10.1097/DCR.0b013e3182a4b236

44. Newman CB, Preiss D, Tobert JA, et al. Statin Safety and Associated Adverse Events A Scienti�c Statement from
the American Heart Association. Arterioscler Thromb Vasc Biol. 2019;39(2):E38-E81.
doi:10.1161/ATV.0000000000000073

45. Hospers G, Bahadeor R, Dijkstra E, et al. Short-course radiotherapy followed by chemotherapy before TME in
locally advanced rectal cancer: The radomized RAPIDO trial. Journal of Clinical Oncology. 2020;38(15):suppl.

4�. van der Valk MJM, Marijnen CAM, van Etten B, et al. Compliance and tolerability of short-course radiotherapy
followed by preoperative chemotherapy and surgery for high-risk rectal cancer – Results of the international
randomized RAPIDO-trial. Radiotherapy and Oncology. 2020;147:75–83. doi:10.1016/j.radonc.2020.03.011

47. Gash KJ, Chambers AC, Cotton DE, Williams AC, Thomas MG. Potentiating the effects of radiotherapy in rectal
cancer: The role of aspirin, statins and metformin as adjuncts to therapy. Br J Cancer. 2017;117(2):210–219.
doi:10.1038/bjc.2017.175

Tables
Table 1 – Patient characteristics, disease characteristics, and neoadjuvant treatment response according to statin
use (N, number of patients; SD, standard deviation; BMI, body mass index; CCI, Charlson Comorbidity Index; ASA,
aspirin; T stage, tumor stage; N stage, nodal stage; cm, centimeters; CRM, circumferential resection margin; pCR,
pathological complete response; mrTRG, magnetic resonance tumor regression grade; CTCAE, Common Terminology
Criteria for Adverse Events)
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Characteristic Overall Statin No Statin P

  N=79 N=35 N=44

Demographics        

   Age, years (mean [SD]) 68.6 (11.2) 71.9 (10.7) 65.9 (11.0) 0.02

   Female (N [%]) 31 (39.2) 15 (42.9) 16 (36.4) 0.56

   BMI (mean [SD]) 29.6 (7.7) 30.6 (9.2) 28.8 (6.4) 0.40

   Smoker (N [%]) 27 (34.6) 14 (40.0) 13 (30.2) 0.37

   CCI (mean [SD]) 5.5 (2.0) 6.0 (2.0) 5.2 (1.9) 0.07

Other medications        

   Metformin (N [%]) 14 (17.7) 10 (28.6) 4 (9.1) 0.02

   ASA (N [%]) 14 (17.7) 13 (37.1) 1 (2.3) <0.001

   Immunosuppressants (N [%]) 2 (2.5) 2 (5.7) 0 0.11

Neoadjuvant Radiation Treatment        

   Fractions (mean [SD]) 5 (0) 5 (0) 5 (0) -

   Gray (mean [SD]) 25.0 (0.23) 25.0 (0) 24.9 (0.30) 0.38

Pre-Neoadjuvant Disease        

   T stage (median [range]) 3 (1-4) 3 (1-4) 3 (2-4) 0.20

   N stage (median [range]) 1 (0-2) 1 (0-2) 1 (0-2) 0.19

   Threatened CRM (N [%]) 24/71 (33.8) 10/33 (30.3) 14/38 (36.8) 0.56

   Cm from anal verge (mean [SD]) 6.3 (2.9) 6.2 (2.9) 6.4 (3.0) 0.76

   Craniocaudal extent (mean [SD]) 4.8 (1.8) 4.9 (1.9) 4.7 (1.7) 0.77

Post-Neoadjuvant Disease (N=18)        

   T stage (median [range]) 2 (0-4) 2 (2-3) 2 (0-4) 0.63

   N stage (median [range]) 0 (0-2) 0 (0-1) 0 (0-2) 0.55

   Threatened CRM (N [%]) 2/16 (12.5) 1/6 (16.7) 1/10 (10.0) 0.70

   Cm from anal verge (mean [SD]) 6.4 (3.1)  5.8 (3.7) 6.9 (2.7) 0.49

   Craniocaudal extent (mean [SD]) 3.6 (1.5) 3.7 (0.95) 3.5 (1.93) 0.85

Pathological Disease Staging        

   T stage (median [range]) 3 (0-4) 2 (0-3) 3 (0-4) 0.26

   N Stage (median [range]) 0 (0-2) 0 (0-2) 0 (0-2) 0.55

   Stage I (N [%]) 22 (27.8) 11 (31.4) 11 (25.0) 0.53

   Stage II (N [%])  22 (27.9) 9 (25.7) 13 (29.5) 0.70
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   Stage III (N [%]) 29 (36.7) 11 (31.4) 18 (40.9) 0.17

   Grade (median [range])* 1 (0-3) 1 (0-3) 1 (0-3) 0.21

Neoadjuvant Treatment Response        

   No response (N [%]) 23 (29.1) 6 (17.1) 17 (38.6) 0.04

   Some response (N [%]) 37 (46.8) 18 (51.4) 19 (43.2) 0.47

   Good response (N [%]) 13 (16.5) 7 (20.0) 6 (13.6) 0.45

   pCR (N [%]) 6 (7.6) 4 (11.4) 2 (4.5) 0.25

   mrTRG (median [range]) 2 (0-4) 2 (1-4) 2 (0-3) 0.26

Adverse Neoadjuvant Response        

   CTCAE Grade 1 (N [%]) 23 (29.1) 11 (31.4) 12 (27.3) 0.69

   CTCAE Grade 2 (N [%]) 6 (7.6) 2 (5.7) 4 (9.1) 0.57

   CTCAE Grade 3 (N [%]) 4 (5.1) 0 4 (9.1) 0.07

   CTCAE Grade 4 (N [%]) 1 (1.3) 0 1 (2.3) 0.37

   CTCAE Grade 5 (N [%]) 0 0 0 -

*Grade 1 = well differentiated, Grade 2 = moderately differentiated, Grade 3 = poorly differentiated

Table 2 – Association between patient characteristics, treatment characteristics, and pre-neoadjuvant disease
characteristics and graded pathologic response to neoadjuvant therapy (N, number of patients; SD, standard
deviation; mins, minutes; BMI, body mass index; pCR, pathologic complete response; CCI, Charlson Comorbidity Index;
ASA, aspirin; T stage, tumor stage; N stage, node stage; CRM, circumferential resection margin; Cm, centimeters)
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  Pathologic Response Total P-
Value

No
response

Poor
response

Good
response

pCR

N = 23 N = 37 N = 13 N = 6 N = 79

Patient Characteristics*            

            Female 11 (47.8) 11 (29.7) 7 (53.9) 2 (33.3) 31 (39.2) 0.34

            Age (SD) 67.2
(11.5)

68.0 (8.8) 72.8 (15.1) 67.8
(14.0)

68.6
(11.2)

0.09

            BMI (SD) 32.1
(10.1)

28.3 (6.5) 29.5 (8.4) 28.9
(3.4)

29.6 (7.8) 0.07

            Smoker 9 (39.1) 11 (30.6) 4 (30.8) 3 (50.0) 27 (34.6) 0.76

            CCI (SD) 5.3 (2.2) 5.3 (1.6) 6.5 (2.3) 5.8 (2.5) 5.5 (2.0) 0.17

Treatment Characteristics*            

            Statin 6 (26.1) 18 (48.7) 7 (53.9) 4 (66.7) 35 (44.3) 0.17

            ASA 4 (17.4) 8 (21.6) 1 (7.7) 1 (16.7) 14 (17.7) 0.73

            Metformin 5 (21.7) 5 (13.5) 2 (15.4) 2 (33.3) 14 (17.7) 0.63

Pre-Neoadjuvant Disease
Characteristics*

           

            T stage (range) 3 (1-4) 3 (2-4) 3 (2-4) 3 (2-3) 3 (1-4) 0.52

            N stage (range) 0 (0-2) 1 (0-2) 1 (0-2) 0.5 (0-2) 1 (0-2) 0.90

            Extra-mesorectal            
nodes

3 (14.3) 6 (17.7) 1 (9.1) 1 (25.0) 11/70
(15.7)

0.86

            Threatened CRM 5 (23.8) 12 (34.3) 5 (45.5) 2 (50.0) 24/71
(33.8)

0.56

            Cm from anal             verge
(SD)

5.9 (2.6) 6.2 (2.9) 6.8 (3.3) 8.5 (3.0) 6.3 (2.9) 0.84

            Craniocaudal             extent
(SD)

4.7 (1.8) 4.9 (1.8) 5.1 (1.8) 4.2 (2.1) 4.8 (1.8) 0.97

            % Circumference 0.66
(0.27)

0.78 (0.26) 0.57 (0.33) 0.65
(0.37)

0.70
(0.29)

0.64

* Values represent n (%) unless otherwise speci�ed

Table 3 – Univariable logistic regression analyses of patient demographic, treatment, and MRI characteristics with
pCR and no response (pCR, pathologic complete response; OR, odds ratio; CI, con�dence interval; y, years; kg,
kilograms; m, meters; BMI, body mass index; CCI, Charlson Comorbidity Index; MRI, magnetic response imaging; T
stage, tumor stage; N stage, node stage; CRM, circumferential resection margin; Cm, centimeters)
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pCR No response

OR 95% CIs P-Value OR 95% CIs P-Value

Patient Variables            

            Age (y) 0.99 0.92-1.07 0.87 0.98 0.94-1.03 0.49

            Female 0.76 0.13-4.41 0.76 1.65 0.62-4.41 0.32

            BMI (kg/m2) 0.99 0.87-1.12 0.82 1.06 0.98-1.14 0.15

            Smoker 2.00 0.38-10.66 0.42 1.32 0.48-3.63 0.59

            CCI 1.08 0.71-1.64 0.71 0.90 0.70-1.16 0.42

Treatment Variables            

            Statin 2.71 0.47-15.7 0.27 0.33 0.11-0.96 0.04

            Aspirin 0.92 0.10-8.58 0.94 0.97 0.27-3.47 0.96

            Metformin 2.54 0.42-15.48 0.31 1.45 0.43-4.92 0.55

Pre-Neoadjuvant MRI Variables            

            T stage 0.65 0.17-2.43 0.52 0.89 0.40-1.98 0.77

            N stage 1.02 0.36-2.91 0.97 0.75 0.40-1.40 0.36

            Extra-mesorectal nodes 1.87 0.18-19.79 0.60 0.85 0.20-3.60 0.83

            Threatened CRM 2.04 0.27-15.50 0.49 0.51 0.16-1.62 0.25

            Cm from anal verge 1.28 0.92-1.78 0.14 0.93 0.77-1.12 0.44

            Craniocaudal extent (cm) 0.80 0.46-1.41 0.45 0.95 0.71-1.27 0.73

            % Circumference 0.55 0.03-9.71 0.68 0.54 0.09-3.27 0.50

Table 4 – Stepwise logistic regression multivariable analyses of the association of patient demographic, treatment,
and MRI characteristics with no response (OR, odds ratio; CI, con�dence interval; pCR, pathologic complete response;
CCI, Charlson Comorbidity Index; N stage, node stage; CRM, circumferential resection margin)
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Characteristic No Response

OR 95% CIs P-Value

Age (y) 0.93 0.84-1.03 0.17

Female 3.69 0.88-15.50 0.08

CCI 1.54 0.83-2.87 0.17

Statin 0.08 0.01-0.43 0.003

Metformin 6.65 0.92-48.12 0.06

Pre-Neoadjuvant N Stage 0.37 0.14-0.99 0.05

Pre-Neoadjuvant Threatened CRM 0.26 0.05-1.29 0.10

Pre-Neoadjuvant % Circumference 0.30 0.03-3.18 0.32

Figures

Figure 1

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) �ow diagram.
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