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Background: One in every four patients with a first episode of non-gallstone-related

acute pancreatitis (AP) develops recurrent disease. Recurrent episodes of AP or

acute flares of chronic pancreatitis (CP) are associated with decreased quality of life

and progression of the disease. Besides removing the etiology of pancreatitis (which

sometimes is not possible), there are no effective measures to prevent recurrence.

Meta-analyses of randomized controlled trials, as well as epidemiological and cohort

studies, suggest that statins may be protective against the development of index AP.

Methods: The SIMBA study is a triple-blind randomized placebo-controlled,

parallel-group multicenter trial. Patients with recurrent AP or with acute flares of CP (at

least two episodes in the last 12 months) will be randomized to receive simvastatin

40mg daily or placebo. During a 3-year study period, 144 patients (72 per arm of

treatment) from 26 centers will be enrolled. The patients will receive the study treatment

for 1 year. The primary aim is to compare the recurrence of AP or acute flares in CP.

Secondary endpoints include the incidence of new-onset diabetes mellitus, new-onset

exocrine pancreatic insufficiency (EPI), new-onset imaging signs of CP, frequency of

all-cause hospital admissions, severity of AP, adherence to treatment, and frequency

of adverse events.

Discussion: The SIMBA trial will ascertain whether simvastatin, a safe, widely used and

inexpensive drug, can change the natural course of recurrent pancreatitis.

Trial Registration: ClinicalTrials.gov Identifier: NCT04021498

Keywords: hydroxymethylglutaryl-CoA reductase inhibitors, statins, simvastatin, acute pancreatitis, chronic

pancreatitis, recurrent, idiopathic, prevention
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INTRODUCTION

Acute pancreatitis (AP) is the third most common cause of
hospital admission due to gastrointestinal disease (1). Gallstones
and excessive alcohol intake account for most cases of AP.
Recurrent AP (RAP) refers to the development of at least two
separate documented episodes of AP with a period of resolution
in between (2). Approximately 20% of the patients will relapse
after a first episode of AP (2, 3). The approximate incidence
of recurrent AP is likely 8–10 per 100,000 per year, and its
prevalence is 110–140 per 100,000 populations (2). The relatively
low frequency of relapse in biliary AP (close to 10%) (3) is
due to the high effectiveness of cholecystectomy (4), but a first
episode of AP due to alcoholic or other etiologies is associated
with relapse in one in every four patients (2, 3). Currently,
besides removing etiological factors (which is frequently not
possible), there are no specific medical treatment that changes
the natural history of RAP. RAP is an intermediate stage in the
pathogenesis of chronic pancreatitis (CP) as a subset of RAP
patients’ transition to CP (one in every three patients) over their
natural history (2, 5). Forty-five percent of patients with CP
experience intermittent flares of pain according to a prospective
cohort study (6). Intermittent pain in CP is associated with
missed days of work, frequent need for hospitalization, and a
decreased quality of life (6).

Statins are drugs that inhibit 3-hydroxy-3-methyl-glutaryl-
coenzyme A reductase, the rate-controlling enzyme in the
cholesterol synthetic pathway, resulting in decreased serum
levels of total and low-density lipoprotein cholesterol. Besides
this, statins may have anti-inflammatory properties (7). Some
studies suggest that statins have an important effect on the
incidence and severity of AP (8). A meta-analysis of randomized
controlled trials showed that statin use was associated with a
decreased risk of AP (9). A retrospective cohort study based
on data from an integrated health care system suggested that
simvastatin is independently associated with a lower probability
of having an episode of AP (adjusted risk ratio 0.626, 95%
confidence interval 0.588–0.668) (10). Furthermore, some studies
have shown decreased severity of AP among consumers of
statins (11, 12). We hypothesized that simvastatin, a widely
used patent-free statin, reduces the number of new episodes of
AP or inflammatory relapses in CP in patients with recurrent
pancreatitis. The main aim of SIMBA (SIMvastatin in the
prevention of recurrent pancreatitis, a triple Blind rAndomized
controlled multicenter trial) is to compare the recurrence rate of
AP in patients with recurrent pancreatitis consuming simvastatin
vs. placebo.

Abbreviations: AEG, Spanish Association of Gastroenterology; CECT, contrast-
enhanced computed tomography; AEMPS, Agencia Española de Medicamentos
y Productos Sanitarios (Spanish Drug Agency); AP, Acute Pancreatitis;
AUGH, Alicantes University General Hospital; CEIC HGUA, Comité Ético de
Investigación Clínica del Hospital General Universitario de Alicante (AUGH
Institutional Review Board); CP, Chronic Pancreatitis; CRF, Case Report Form;
DMC, Data Monitoring Committee; ISABIAL, Alicante’s Institute for Health and
Biomedical Research; MRI, magnetic resonance imaging; EPI, exocrine pancreatic
insufficiency; PI, principal investigator; SIMBA, SIMvastatin in the prevention of
recurrent acute pancreatitis, a triple Blind rAndomized controlled multicenter
trial; TSC, Trial Steering Committee.

PATIENTS AND METHODS

Design
SIMBA is a triple-blind randomized placebo-controlled, parallel-
group, superiority multicenter trial. This final protocol (version
4) was finished on June 6th, 2018. This study protocol follows the
SPIRIT guidelines (13).

Participating Centers
The members of the Spanish Association of Gastroenterology
(AEG) and the Spanish Association of Pancreatology
(AESPANC) were invited to participate in the study between
January 2016 and October 2017. Currently (April 2020), 32
Spanish centers and 1 Indian center have agreed to join or are
currently recruiting patients.

Primary Endpoint
The primary endpoint is recurrence of pancreatitis during the
1-year follow-up period (meaning a new attack of AP or acute
flares in CP). The definition of recurrent pancreatitis, both in
AP and CP, requires at least two of the following three features:
(i) typical acute pancreatic abdominal pain (acute onset of a
persistent, severe, epigastric pain often radiating to the back);
(ii) serum lipase activity (or amylase activity) at least three times
greater than the upper limit of normal; and (iii) characteristic
findings of pancreatic inflammation on contrast-enhanced
computed tomography (CECT) and less commonly magnetic
resonance imaging (MRI) or transabdominal ultrasonography
(14). Although this definition was originally intended for AP
(14), in SIMBA, it is also used to define acute flares of pain
and inflammation in CP. Patients with CP and pain without
increased serum pancreatic enzymes and/or signs of new-onset
inflammation on imaging are not considered as having an
inflammatory flare.

Secondary Endpoints
• New-onset diabetes at the end of follow-up, according to the

American Diabetes Association criteria (15). Blood levels of
glycosylated hemoglobin at the end of follow-up will also be
compared to baseline.

• New-onset exocrine pancreatic insufficiency (EPI) defined by
fecal elastase-1 <100 mcg/g (16). Fecal elastase-1 levels at the
end of follow-up will also be compared to baseline.

• Imaging signs of CP at the end of follow-up, defined as
calcifications and/or dilated pancreatic duct (≥4mm) (17),
mainly on a CT scan, but endoscopic ultrasound and/or MRI
are allowed, particularly in younger patients to avoid excessive
exposure to ionizing radiation.

• Frequency of all-cause hospital admissions.
• Severity of AP according to the revision of the Atlanta

Classification (moderate-to-severe vs. mild) (14).
• Adherence to treatment (percentage of the planned treatment

consumed by the patient).
• Frequency of adverse events.

Study Population
Patients with recurrent pancreatitis managed in the outpatient
setting of the recruiting centers are potential candidate subjects
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for the study. The acute episode of pancreatitis, or acute flares
of pain in CP, may have been treated in other centers; however,
patients are eligible for recruitment only when all the required
information is available. Patients that meet the inclusion and have
no exclusion criteria receive detailed information about the study
and are asked for written consent to participate.

Inclusion Criteria
1. Adult (≥18) patients.
2. At least two episodes of AP or acute flares of CP, defined

according to the Revised Atlanta Classification (14).
3. Written informed consent to participate in the study.

Exclusion Criteria
1. Less than two episodes of AP or acute flares of CP in the last

12 months.
2. Statin consumption in the previous year.
3. Contraindications to the use of statins (myopathy, allergy,

severe liver disease, and drugs that inhibit CYPP3A4).
4. Cholelithiasis or choledocholithiasis diagnosed in

the last episode of AP (every patient must have at
least one abdominal ultrasonography and a magnetic
resonance cholangiopancreatography and/or endoscopic
ultrasonography ruling out cholelithiasis to enter the study).

5. Endoscopic sphincterotomy and/or cholecystectomy and/or
pancreatic surgery between last episode of pancreatitis and
recruitment or patients who are expected to undergo any of
these interventions within the next year.

6. Serum triglycerides >500 mg/dl without previous
specific treatment before the last episode of pancreatitis
or patients expected to have a change in their specific
hypertriglyceridemia treatment in <1 year.

7. Primary hyperparathyroidism that has been operated between
last episode of pancreatitis and recruitment or will be operated
in <1 year.

8. Iatrogenic AP (pancreatitis due to endoscopic retrograde
cholangio-pancreatography, surgery, or after other invasive
treatment). Iatrogenic pancreatitis will not count as an episode
of recurrent pancreatitis, but patients may be included in the
study if they meet the other inclusion and exclusion criteria,
specially exclusion criteria number 5.

9. Abstinence syndrome due to alcohol or drugs and/or delirium
tremens in the last 6 months before recruitment.

10. Previous (last year) failure to attend follow-up medical visits
or lack of adherence to treatment, or social problems that may
be associated to lack of adherence to the study treatment or to
inadequate follow-up.

11. Pregnancy and breast-feeding.

Flowchart According to Consort
The flowchart for the SIMBA trial will be based on the
CONSORT recommendations (18, 19) and SPIRIT guidelines
(13) (Figure 1).

Randomization, Masking, and Blinding
Centralized randomization (1:1) is performed by the Clinical
Pharmacology Department (PZ) of Alicante’s University General

Hospital (AUGH). Randomization is based on a computer-
generated list (one list per center) of random numbers generated
bymeans of the block-random command from the psych package
(20) for R (21). It is used randomization in permuted blocks
(each block containing eight patients) stratified by (1) center,
(2) more than three lifetime episodes of AP or acute flares of
CP, and (3) alcoholic etiology. Only three persons have access to
the abovementioned lists: PZ, AVR, and AG, who are in charge
of randomization (PZ), coordination of the study (AVR), and
masking (AG). None of these individuals will participate in the
statistical analysis.

Masking is performed by the Pharmacy Department of
AUGH. Both simvastatin and placebo (lactose, excipient of
simvastatin) are masked in indistinguishable white capsules.
AVR is in charge of checking the randomization lists with the
information provided by the study recruiters (assignment of
patients to intervention) and sending the medication to the study
centers. The final statistical analysis will be performed blindly
by EdM (treatment arms will be identified as label A and B).
Only after all statistical analysis is finished will the study arms
be unblinded by the Pharmacology Department.

Treatment Protocol
Patients receive simvastatin 40mg or placebo, one capsule
daily for 1 year. In case of recurrence of AP or acute flares
of CP, the patients are advised to continue the treatment as
planned. Adherence to treatment is monitored in each outpatient
visit (comparison of the number of capsules remaining in the
container with the number of capsules that should remain).

According to patient exclusion criteria, endoscopic retrograde
cholangio-pancreatography, parathyroid, biliary, and/or
pancreatic surgery are discouraged during the treatment period.
In case of undergoing any of these procedures, the patient will be
included in the intention-to-treat analysis, but the Trial Steering
Committee will decide whether that patient should be included
in the per-protocol analysis or not (the decision will be taken
before blinded statistical analysis).

Data Management
Clinical data are collected by the study recruiters
(gastroenterologists from the participating centers) by means
of a standardized electronic case report form (CRF) based on
REDCap (22). Access to REDCap is provided by the Spanish
Association of Gastroenterology, AEG (AEG REDCap node).
The CRF does not contain the name, initials, or any personal
identification number from the patients. Each patient is identified
in the CRF by a double registration number: center and patient.
Only the recruiting gastroenterologists, in direct charge of
managing the patient, have access to the patient identity. The
CRF has been designed to help promote data quality (including
range checks for dates and quantitative data values).

Recruitment and Follow-Up
Patients are recruited by gastroenterologists specialized in
pancreatic disorders in the participating centers. In the initial
recruitment visit, the patient receives detailed information about
the study; those patients willing to participate must sign the

Frontiers in Medicine | www.frontiersin.org 3 February 2021 | Volume 7 | Article 494

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Cárdenas-Jaén et al. Simvastatin vs. Placebo in the Prevention of Recurrent Pancreatitis

FIGURE 1 | Flowchart for SIMBA trial according to CONSORT 2010 and SPIRIT 2013 recommendations. (A) ≥18 years old, at least 2 episodes of AP or acute flares

of chronic pancreatitis, written informed consent. (B) <2 episodes of pancreatitis or acute flares of chronic pancreatitis in the last 12 months; stain consumption in the

previous year; contraindications to the use of statins; cholelithiasis or choledocholithiasis diagnosed in the last episode of pancreatitis; endoscopic sphincterotomy

and/or cholecystectomy and/or pancreatic surgery between last episode of AP and recruitment or patients who are expected to undergo one of this techniques in

less than a year; serum triglycerides >500 mg/dL without previous specific treatment before the last episode of pancreatitis, or in patients expected to have a change

in their specific hypertriglyceridemia treatment in <1 year; primary hyperparathyroidism that has been operated between last episode of pancreatitis and recruitment

or will be operated in <1 year; iatrogenic pancreatitis; abstinence syndrome due to alcohol or drugs and/or delirium tremens in the last 6 months before recruitment;

previous (last year) failure to attend follow-up medical visits, social problems that may be associated to failure to take the medication or to perform an adequate

follow-up; pregnancy or breastfeeding. (C) Intention-to-treat (primary analysis) and per-protocol analysis. Tx, treatment.

written consent first, and the recruiter proceeds to baseline data
collection; the patient will subsequently receive medication or
placebo for 1 month. Follow-up outpatient visits take place

after 1, 4, 8, and 12 months thereafter. The first visit takes
place after just 1 month to monitor for possible early side
effects of the medication. Adherence to treatment, alcohol and
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tobacco consumption, number and severity of new episodes of
AP or acute flares of CP, and other causes of hospitalization
are registered on each visit, as well as possible secondary effects
of the medication. General laboratories are obtained at every
outpatient visit. Fecal-elastase 1 and glycosylated hemoglobin are
measured at baseline and in the last visit. A CT scan is performed
at recruitment and at the end of follow-up. Follow-up visits and
tests are performed even in patients who stop taking the study
drug, for intention-to-treat analysis.

Data Monitoring Committee
The role of the DataMonitoring Committee (DMC) is tomonitor
the data emerging from the trial and to advise the Trial Steering
Committee on whether there are any reasons for the trial not to
continue (23). The members of the DMC are AVR and PZ.

Independent Trial Steering Committee
The role of the Trial Steering Committee (TSC) is (1) to monitor
and supervise the progress of the trial toward its objectives,
(2) to review at regular intervals relevant information from
other sources (i.e., other related trials), (3) to consider the
recommendations of the DMC, and (4) to advise the Principal
Investigator (PI) on the presentation of all aspects of the trial (24).
The members of the TSC are BUW, VKS, and GIP.

Safety
Simvastatin is a widely consumed and safe drug. The
collaborating investigators must report immediately any
possible adverse reaction. The DMC will be in charge for safety
monitoring. In case of a potentially severe adverse reaction,
the DMC will consider unblinding that particular patient,
if medically advised. The DMC will periodically review the
unblinded safety variables. The DMC will contact the Spanish
Drug Agency (Agencia Española de Medicamentos y Productos
Sanitarios, AEMPS) and the Central Drugs Standard Control
Organization (CDSCO) from India, as well as the regional health
authorities in case of safety issues.

Statistical Aspects
For all statistical analysis, the threshold for defining statistical
significance will be 0.05.

Sample Size Calculation
Based on a pilot retrospective internal non-published analysis of
patients from AUGH meeting the study inclusion and exclusion
criteria, a recurrence rate of 50% in 1 year in patients with placebo
is expected. We powered the study to detect a 50% decrease in
recurrence during the study period. According to the arcsine
method, with an alpha level of 0.05, a statistical power of 80%,
an expected 1-year recurrence in the placebo arm of 50 and 25%
in the simvastatin arm, and a 20% loss of follow-up, 144 patients
are needed (72 per treatment arm).

Descriptive Statistics
Continuous data will be evaluated for normality by the Shapiro–
Wilk test and will be summarized using mean and standard
deviation or median and interquartile range depending on the

variable distribution. Qualitative data will be displayed as n (%).
Baseline criteria are age, gender, diagnoses of CP, number of
episodes of AP or acute flares of CP (lifetime episodes as well as
episodes in the 12 months prior to recruitment), etiology, active
consumption of alcohol (any alcohol and≥5 drinks per day) (25),
active smoking (25), body mass index, diabetes mellitus (15), and
pancreatic exocrine insufficiency (fecal elastase-1 <100 mcg/g).

Analysis
For blinded statistical analysis, the Clinical Pharmacology
Department of AUGH will provide for every patient included
in the study a label: “A” or “B.” After statistical analysis, labels
A and B will be unblinded as placebo or simvastatin. Both
intention-to-treat (primary analysis) and per-protocol analysis
will be performed.

Recurrence of AP or acute flares of CP during the follow-
up period will be analyzed as a dichotomous variable (primary
analysis and variable used for sample calculation): recurrence
during follow-up yes/no, by means of the Chi-square test as well
as the Kaplan–Meier time-to-event test, and as a quantitative
variable (secondary endpoint): number of episodes of AP or acute
flares of CP during follow-up and decrease in the number of
episodes in respect to the previous year by means of the t-test
and pairwise t-test, respectively. In case of a non-parametric
distribution, the Mann–Whitney U test or Wilcoxon test will
be performed.

Similarly, for other secondary endpoints, we will use
Chi-square test, t-test/Mann–Whitney U test, or pairwise t-
test/Wilcoxon test according to the characteristics of the
variables. Incidence rate ratio will be used to analyze the
reduction in total number of AP events or acute flares of CP per
arm of treatment.

Odds ratio (95% confidence interval) will be used for
quantifying effect size when applicable. Pre-specified subgroup
analysis: patients with AP and patients with CP.

In case of significant difference in the baseline distribution of
any variable, multivariate analysis (binary logistic regression) will
be used to correct it.

Additional Analyses
Subgroup analysis will be performed regarding alcoholic/non-
alcoholic etiology. Unplanned additional analysis will be
identified in the final article as post hoc analysis.

Changes in the Protocol and Premature Termination

of the Study
In case of slow recruitment rate (<72 patients in 3 years), the
TSC may decide an interim analysis. The analysis will only be
available to the members of the TSC, who will decide whether
the study should continue or not. The DMC will perform regular
safety analyses and may ask the TSC for premature termination
of the study in case of a safety issue. This scenario is not expected
given the wide experience with simvastatin in the last two and a
half decades. The TSC may suggest changes to the protocol (for
example, in case of very slow recruitment rate or safety issues); in
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such cases, researchers, drug agencies, and ethics committees will
be informed.

Other Considerations
Enrique de-Madaria will have access to the final trial dataset, but
the study arm treatment labels will be blinded until analysis is
finished, as explained above. Post hoc collateral studies may be
performed by the study collaborators with the final database after
approval by the sponsor, the TSC, and the central Institutional
Review Board.

The results of the study will be reported following the
CONSORT Statement (19). The results of the trial will be
communicated to patients and researchers, and there will be no
publication restrictions. The manuscript draft will be written by
EdM and reviewed by the study collaborators.

DISCUSSION

Some patients suffer from recurrent episodes of AP or acute
flares of CP, with their physicians being unable to offer any
effective preventive medications. Most of them have alcoholic or
idiopathic etiology (26), as this first episode may trigger other
risk factors to induce new episodes of AP (sentinel AP event
model) (27). Recurrent pancreatitis is a condition associated with
great discomfort and decreased quality of life (28). In almost
all cases, it is associated with severe pain and requires hospital
admission. Patients are afraid to travel, lose days of work and
leisure, and often feel desperate about the random nature of
pancreatitis flares.

SIMBA aims to investigate whether simvastatin is useful
for preventing new episodes of pancreatitis in recurrent AP
and CP, avoiding the natural progression of disease (AP) to
CP, or the development of exocrine or endocrine pancreatic
insufficiency in patients with established CP. We will use fecal
elastase to detect EPI; this test is associated to a high false-
positive rate (29); for that reason, we choose a 100 mcg/g
threshold, which has been suggested to detect severe EPI
(16). Based on the studies described in the Introduction, we
are looking for a new indication for a well-established drug
[it was released for medical use in late 80s (30)]. It is an
inexpensive drug without active patent; currently, in Spain,
treatment with simvastatin 40mg costs 2.17 euros (2.58 USD)
per month. This is a researcher-driven study (we report no
conflict of interest) and is financed by public and private
grants from the Spanish Government, the Spanish Association
of Gastroenterology, and the Alicante’s Institute for Health and
Biomedical Research (ISABIAL); none of these institutions have
commercial interest in the results of the present trial. The
PI promoter, the collaborating researchers and TSC members
participate in the study in an altruistic manner, without receiving
economic compensation. All these considerations, together with
the triple-blind design, make SIMBA a solid and clinically
relevant study.

The main potential issue will be recruitment rate, as the study
criteria are very restrictive; for this reason, we made an important
effort formany centers throughout Spain to join. Currently (April
2020), 47 patients have been recruited so far. Another potential

issue is adherence to treatment: patients with new episodes of
pancreatitis during the follow-up period may abandon the study.
For this reason, an estimated 20% loss of follow-up rate was
considered in the sample size calculation.

In conclusion, the SIMBA study is a researcher-driven
triple-blind randomized placebo-controlled, parallel-group,
multicenter trial aiming to compare recurrence of new episodes
of pancreatitis in patients with recurrent AP or acute flares of CP,
consuming simvastatin vs. placebo.

ETHICS STATEMENT

This study involving human participants was performed in
accordance with the declaration of Helsinki as well as the
Good Clinical Practice international ethical and scientific quality
standards. The study was reviewed and approved by (Comité
Ético de Investigación Clínica con Medicamentos del Hospital
General Universitario de Alicante, CEIM HGUA, reference
number 2016/26). The study was originally approved on July
29th 2016. Secondary approval was obtained from all local
Institutional Review Boards. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

Ed-M is the trial sponsor and PI. The studywas designed by Ed-M
and BW and initially reviewed by GP, PZ, PG, VS, KC-J, AG, and
AV-R. All authors critically assessed the study design, edited the
manuscript, and read and approved the final manuscript.

FUNDING

This is a researcher-driven study funded by the following grants:

• Spanish Government: Acción estratégica en salud 2013-
2016, convocatoria 2016, Ministerio de economía, industria y
competitividad (identifier: PI16/01181).

• Spanish Association of Gastroenterology (AEG): Gonzalo
Miño Grant for multicenter trials 2016, AEG (identifier: Beca
AEG Gonzalo-Miño 2016).

• ISABIAL-FISABIO: III convocatoria de ayudas a proyectos de
investigación ISABIAL-FISABIO (UGP-16-140).

ACKNOWLEDGMENTS

This study is endorsed by the Spanish Association of
Gastroenterology (AEG) and the Spanish Association of
Pancreatology (AESPANC). Dr. Juan Selva, Head of the AUGH
Pharmacy Department, has been a great support for practical
aspects of the study.

COLLABORATORS

Deepak Gunjan (Department of Gastroenterology, All India
Institute of Medical Sciences, New Delhi, India), María
Francisco-González (Department of Gastroenterology,
Complexo Hospitalario Universitario de Ourense,

Frontiers in Medicine | www.frontiersin.org 6 February 2021 | Volume 7 | Article 494

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Cárdenas-Jaén et al. Simvastatin vs. Placebo in the Prevention of Recurrent Pancreatitis

Ourense, Spain), Franco Baiocchi-Ureta (Department of
Gastroenterology, Complexo Hospitalario Universitario
de Ourense, Ourense, Spain), Eduardo Bajador-Andreu
(Department of Gastroenterology, Hospital Universitario Miguel
Servet, Aragón Health Research Institute (IIS Aragón), Zaragoza,
Spain), Federico Bolado (Department of Gastroenterology,
Complejo Hospitalario de Navarra, Pamplona, Spain), Carlos
Marra-López (Department of Gastroenterology, Complejo
Hospitalario de Navarra, Pamplona, Spain), Mar Concepción-
Martín (Department of Gastroenterology, Hospital de la Santa
Creu i Sant Pau, Institut de Reçerca - IIB Sant Pau, Universitat
Autònoma de Barcelona, Barcelona, Spain), Carlos Guarner
Argente (Department of Gastroenterology, Hospital de la Santa
Creu i Sant Pau, Institut de Reçerca - IIB Sant Pau, Universitat
Autònoma de Barcelona, Barcelona, Spain), Andrés J del
Pozo-García (Department of Gastroenterology, Hospital 12 de
octubre, Madrid, Spain), Adolfo del-Val-Antoñana (Department
of Gastroenterology, Hospital La Fe, Valencia, Spain), Robin
Rivera-Irigoin (Department of Gastroenterology, Hospital Costa
del Sol, Marbella, Spain), Jennifer Hinojosa-Guadix (Department
of Gastroenterology, Hospital Costa del Sol, Marbella, Spain),
Guillermo García-Rayado (Department of Gastroenterology,
Hospital Clínico Universitario Lozano Blesa, Aragón Health
Research Institute (IIS Aragón), Zaragoza, Spain), Judith
Millastre-Bocos (Department of Gastroenterology, Hospital
Clínico Universitario Lozano Blesa, Aragón Health Research
Institute (IIS Aragón), Zaragoza, Spain), Carmen Garrido-Durán
(Department of Gastroenterology, Hospital Universitario Son
Espases, Palma, Spain), Emma Martínez-Moneo (Department of
Gastroenterology, Hospital Universitario Cruces, Bilbao, Spain),
Cristina Gil García-Ollauri (Department of Gastroenterology,
Hospital Universitario Cruces, Bilbao, Spain), Ángel Gracia
(Department of Pharmacy, Hospital General Universitario
de Alicante, Institute for Health and Biomedical Research
(ISABIAL), Alicante, Spain), J. Enrique Domínguez Muñoz
(Department of Gastroenterology and Hepatology, Hospital
Clínico Universitario Santiago de Compostela. Health Research
Institute (IDIS), University Hospital of Santiago de Compostela,
Spain), José Lariño-Noia (Department of Gastroenterology
and Hepatology, Hospital Clínico Universitario Santiago de
Compostela. Health Research Institute (IDIS), University
Hospital of Santiago de Compostela, Spain), Rafael Mejuto
Fernández (Department of Gastroenterology and Hepatology,
Hospital Clínico Universitario Santiago de Compostela. Health
Research Institute (IDIS), University Hospital of Santiago
de Compostela, Spain), Rosa Martín-Mateos (Department
of Gastroenterology, Hospital Universitario Ramón y Cajal,

Madrid, Spain), Isabel Pascual-Moreno (Department of
Gastroenterology, Hospital Clínico de Valencia, Valencia, Spain),
Juan A. Rodríguez-Oballe (Department of Gastroenterology,
Hospital Universitari Santa Maria, Lleida, Spain), M. Lourdes
Ruiz-Rebollo (Department of Gastroenterology, Hospital
Clínico Universitario, Valladolid, Spain), Pedro J. Rosón-
Rodríguez (Department of Gastroenterology, Hospital Quirón
Salud, Málaga, Spain), Aida Ortega Alonso (Department of
Gastroenterology, Hospital Quirón Salud, Málaga, Spain),
Francesc Vida-Mombiela (Department of Gastroenterology,
Hospital Sant Joan de Deu, Manresa, Spain), Antonio
López-Serrano (Department of Gastroenterology, Hospital
Universitario Doctor Peset, Valencia, Spain), Eugenia
Lauret-Braña (Department of Gastroenterology, Hospital
Universitario Central de Asturias, Oviedo, Spain), Manuel A.
Jiménez-Moreno (Department of Gastroenterology, Hospital
Universitario, Burgos, Spain), Jesús Leal Téllez (Department
of Gastroenterology, Hospital Puerta del Mar, Cádiz, Spain),
Alba Lira-Aguilar (Consorci Corporació Sanitària Parc Taulí,
Sabadell, Spain), Valentí Puig Diví (Consorci Corporació
Sanitària Parc Taulí, Sabadell, Spain), Marta Gallach-Montero
(Consorci Corporació Sanitària Parc Taulí, Sabadell, Spain),
Diego Ledro-Cano (Department of Gastroenterology, Hospital
Público La Merced de Osuna, Sevilla, Spain), Blanca Belloc-
Barbastro (Department of Gastroenterology, Hospital General
San Jorge, Huesca, Spain), Cristina Verdejo Gil (Department of
Gastroenterology, Hospital Universitario Fundación Alcorcón,
Madrid, Spain), Leticia Betancon Hernández (Department of
Gastroenterology, Complejo Hospitalario Universitario Insular
Materno Infantil, Palmas de Gran Canaria, Spain), Claudia
Virginia Sánchez Marín (Department of Gastroenterology,
Hospital Universtario Marqués de Valdecilla, Santander, Spain),
Alvaro Teran Lantaron (Department of Gastroenterology,
Hospital Universtario Marqués de Valdecilla, Santander, Spain),
María Moris Felgueroso (Department of Gastroenterology,
Hospital Universtario Marqués de Valdecilla, Santander, Spain),
Eduardo Redondo Cerezo (Department of Gastroenterology,
Hospital Universitario Virgen de las Nieves, Spain), Juan Gabriel
Martínez Cara (Department of Gastroenterology, Hospital
Universitario Virgen de las Nieves, Spain), Francisco Valverde
López (Department of Gastroenterology, Hospital Universitario
Virgen de las Nieves, Spain), Isabel Conde Amiel (Department of
Gastroenterology, Hospital General de Valencia, Spain), Cristina
Martínez Pascual (Department of Gastroenterology, Hospital
Universitario Los Arcos del Mar Menor, San Javier, Spain),
Eva Martí Maqués (Department of Gastroenterology, Hospital
Universitario Lucus Augusti, Lugo, Spain).

REFERENCES

1. Peery AF, Crockett SD, Murphy CC, Lund JL, Dellon ES,
Williams JL, et al. Burden and cost of gastrointestinal, liver,
and pancreatic diseases in the United States: Update 2018.
Gastroenterology. (2018) 156:254–72.e11. doi: 10.1053/j.gastro.2018.
08.063

2. Machicado JD, Yadav D. Epidemiology of recurrent acute and chronic
pancreatitis: similarities and differences. Dig Dis Sci. (2017) 62:1683–
91. doi: 10.1007/s10620-017-4510-5

3. Ahmed Ali U, Issa Y, Hagenaars JC, Bakker OJ, van Goor H, Nieuwenhuijs VB,
et al. Risk of recurrent pancreatitis and progression to chronic pancreatitis
after a first episode of acute pancreatitis. Clin Gastroenterol Hepatol. (2016)
14:738–46. doi: 10.1016/j.cgh.2015.12.040

Frontiers in Medicine | www.frontiersin.org 7 February 2021 | Volume 7 | Article 494

https://doi.org/10.1053/j.gastro.2018.08.063
https://doi.org/10.1007/s10620-017-4510-5
https://doi.org/10.1016/j.cgh.2015.12.040
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Cárdenas-Jaén et al. Simvastatin vs. Placebo in the Prevention of Recurrent Pancreatitis

4. da Costa DW, Bouwense SA, Schepers NJ, Besselink MG, van Santvoort
HC, van Brunschot S, et al. Same-admission versus interval cholecystectomy
for mild gallstone pancreatitis (PONCHO): a multicentre randomised
controlled trial. Lancet. (2015) 386:1261–8. doi: 10.1016/S0140-6736(15)
00274-3

5. Sankaran SJ, Xiao AY, Wu LM, Windsor JA, Forsmark CE, Petrov
MS. Frequency of progression from acute to chronic pancreatitis and
risk factors: a meta-analysis. Gastroenterology. (2015) 149:1490–500.e1.
doi: 10.1053/j.gastro.2015.07.066

6. Mullady DK, Yadav D, Amann ST, O’Connell MR, Barmada MM, Elta GH,
et al. Type of pain, pain-associated complications, quality of life, disability
and resource utilisation in chronic pancreatitis: a prospective cohort study.
Gut. (2011) 60:77–84. doi: 10.1136/gut.2010.213835

7. Bu DX, Griffin G, Lichtman AH. Mechanisms for the anti-
inflammatory effects of statins. Curr Opin Lipidol. (2011)
22:165–70. doi: 10.1097/MOL.0b013e3283453e41

8. de-Madaria E. Statins for the prevention of acute pancreatitis. Am J

Gastroenterol. (2017) 112:1765–7. doi: 10.1038/ajg.2017.396
9. Preiss D, Tikkanen MJ, Welsh P, Ford I, Lovato LC, Elam MB, et al. Lipid-

modifying therapies and risk of pancreatitis: a meta-analysis. JAMA. (2012)
308:804–11. doi: 10.1001/jama.2012.8439

10. Wu BU, Pandol SJ, Liu IL. Simvastatin is associated with reduced risk of
acute pancreatitis: findings from a regional integrated healthcare system. Gut.
(2015) 64:133–8. doi: 10.1136/gutjnl-2013-306564

11. Gornik I, Gasparovic V, Gubarev Vrdoljak N, Haxiu A, Vucelic
B. Prior statin therapy is associated with milder course and better
outcome in acute pancreatitis–a cohort study. Pancreatology. (2013)
13:196–200. doi: 10.1016/j.pan.2013.03.008

12. Shiu SI, Su PF, Jang LH, Lee BJ,Wang CY. Prior statin use and the outcomes in
patients with first-attack acute pancreatitis: a retrospective cohort study. Eur J
Intern Med. (2015) 26:425–8. doi: 10.1016/j.ejim.2015.05.002

13. Chan AW, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical
trials. BMJ. (2013) 346:e7586. doi: 10.1136/bmj.e7586

14. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG,
et al. Classification of acute pancreatitis−2012: revision of the Atlanta
classification and definitions by international consensus. Gut. (2013) 62:102–
11. doi: 10.1136/gutjnl-2012-302779

15. Chamberlain JJ, Rhinehart AS, Shaefer CF, Jr., Neuman A. Diagnosis and
Management of Diabetes: Synopsis of the 2016AmericanDiabetes Association
Standards of Medical Care in Diabetes. Ann Intern Med. (2016) 164:542–
52. doi: 10.7326/M15-3016

16. Erickson JA, Aldeen WE, Grenache DG, Ashwood ER. Evaluation of a fecal
pancreatic elastase-1 enzyme-linked immunosorbent assay: assessment versus
an established assay and implication in classifying pancreatic function. Clin
Chim Acta. (2008) 397:87–91. doi: 10.1016/j.cca.2008.07.022

17. Schneider A, Lohr JM, Singer MV. The M-ANNHEIM classification of
chronic pancreatitis: introduction of a unifying classification system based
on a review of previous classifications of the disease. J Gastroenterol. (2007)
42:101–19. doi: 10.1007/s00535-006-1945-4

18. Moher D, Schulz KF, Altman DG, Consort G. The CONSORT
statement: revised recommendations for improving the quality of

reports of parallel-group randomized trials. Ann Intern Med. (2001)
134:657–62. doi: 10.7326/0003-4819-134-8-200104170-00011

19. Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement:
updated guidelines for reporting parallel group randomised trials. BMJ. (2010)
340:c332. doi: 10.1136/bmj.c332

20. Revelle W. Psych: Procedures for Personality and Psychological Research.
Evanston, IL: Northwestern University. Available online at: https://CRAN.R-
project.org/package=psych

21. Team RC. R: A Language and Environment for Statistical Computing. Vienna:
R Foundation for Statistical Computing (2017). Available online at: https://
www.R-project.org/

22. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)–a metadata-driven methodology
and workflow process for providing translational research informatics
support. J Biomed Inform. (2009) 42:377–81. doi: 10.1016/j.jbi.2008.
08.010

23. Fleming TR, Ellenberg SS, DeMets DL. Data monitoring committees: current
issues. Clin Trials. (2018) 15:321–8. doi: 10.1177/1740774518764855

24. MRC Guidelines for Management of Global Health Trials. (2017). Available
online at: https://www.mrc.ac.uk/publications/browse/guidelines-for-
management-of-global-health-trials-2017/

25. Yadav D, Whitcomb DC. The role of alcohol and smoking in pancreatitis. Nat
Rev Gastroenterol Hepatol. (2010) 7:131–45. doi: 10.1038/nrgastro.2010.6

26. Yadav D, O’Connell M, Papachristou GI. Natural history following the
first attack of acute pancreatitis. Am J Gastroenterol. (2012) 107:1096–
103. doi: 10.1038/ajg.2012.126

27. Whitcomb DC. Hereditary pancreatitis: new insights into acute and chronic
pancreatitis. Gut. (1999) 45:317–22. doi: 10.1136/gut.45.3.317

28. Pai CG, Kamath MG, Shetty MV, Kurien A. Continuing episodes of pain
in recurrent acute pancreatitis: prospective follow up on a standardised
protocol with drugs and pancreatic endotherapy. World J Gastroenterol.

(2017) 23:3538–45. doi: 10.3748/wjg.v23.i19.3538
29. Gonzalez-Sanchez V, Amrani R, Gonzalez V, Trigo C, Pico A, de-Madaria E.

Diagnosis of exocrine pancreatic insufficiency in chronic pancreatitis: (13)C-
mixed triglyceride breath test versus fecal elastase. Pancreatology. (2017)
17:580–5. doi: 10.1016/j.pan.2017.03.002

30. Mol MJ, Erkelens DW, Leuven JA, Schouten JA, Stalenhoef
AF. Effects of synvinolin (MK-733) on plasma lipids in familial
hypercholesterolaemia. Lancet. (1986) 2:936–9. doi: 10.1016/S0140-6736(86)9
0598-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Cárdenas-Jaén, Vaillo-Rocamora, Gracia, Garg, Zapater,

Papachristou, Singh, Wu and de-Madaria. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 8 February 2021 | Volume 7 | Article 494

https://doi.org/10.1016/S0140-6736(15)00274-3
https://doi.org/10.1053/j.gastro.2015.07.066
https://doi.org/10.1136/gut.2010.213835
https://doi.org/10.1097/MOL.0b013e3283453e41
https://doi.org/10.1038/ajg.2017.396
https://doi.org/10.1001/jama.2012.8439
https://doi.org/10.1136/gutjnl-2013-306564
https://doi.org/10.1016/j.pan.2013.03.008
https://doi.org/10.1016/j.ejim.2015.05.002
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.7326/M15-3016
https://doi.org/10.1016/j.cca.2008.07.022
https://doi.org/10.1007/s00535-006-1945-4
https://doi.org/10.7326/0003-4819-134-8-200104170-00011
https://doi.org/10.1136/bmj.c332
https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=psych
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1177/1740774518764855
https://www.mrc.ac.uk/publications/browse/guidelines-for-management-of-global-health-trials-2017/
https://www.mrc.ac.uk/publications/browse/guidelines-for-management-of-global-health-trials-2017/
https://doi.org/10.1038/nrgastro.2010.6
https://doi.org/10.1038/ajg.2012.126
https://doi.org/10.1136/gut.45.3.317
https://doi.org/10.3748/wjg.v23.i19.3538
https://doi.org/10.1016/j.pan.2017.03.002
https://doi.org/10.1016/S0140-6736(86)90598-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Simvastatin in the Prevention of Recurrent Pancreatitis: Design and Rationale of a Multicenter Triple-Blind Randomized Controlled Trial, the SIMBA Trial
	Introduction
	Patients and Methods
	Design
	Participating Centers
	Primary Endpoint
	Secondary Endpoints
	Study Population
	Inclusion Criteria
	Exclusion Criteria

	Flowchart According to Consort
	Randomization, Masking, and Blinding
	Treatment Protocol
	Data Management
	Recruitment and Follow-Up
	Data Monitoring Committee
	Independent Trial Steering Committee
	Safety
	Statistical Aspects
	Sample Size Calculation
	Descriptive Statistics
	Analysis
	Additional Analyses
	Changes in the Protocol and Premature Termination of the Study

	Other Considerations

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Collaborators
	References


