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Abstract:

Background: Chronic Obstructive Pulmonary Disease (COPD) is a highly prevalent condition that leads to a variety of
complications that increase social and economic burdens. Although current treatment guidelines target symptomatic
relief, including strategies to reduce future exacerbations and improve patients' quality of life, there is still a need for an
effective intervention that also reduces the healthcare cost associated with this disease through reducing exacerbation-
related hospitalization. Curcumin and piperine are natural and inexpensive components proven to inhibit the main
inflammatory cascade responsible for COPD exacerbations.

Objective: This trial aims to evaluate the supplementation of curcumin and piperine with COPD standard therapy to
reduce the exacerbation rate in COPD patients compared to standard therapy alone.

Methods: This will be a phase Il multi-center, randomized, placebo-controlled, triple-blinded, parallel-group trial with
COPD patients, classified in GOLD C and D groups, who are currently under standard treatment. Supplementation with
4g of curcumin combined with 20mg of piperine versus placebo will be evaluated during a period of 12 months. One
thousand seven hundred and sixteen participants will be enrolled, with 858 participants for the control and intervention
groups. The primary outcome will be the mean rate of moderate and severe exacerbations. Secondary outcomes will
include time until first moderate or severe COPD exacerbation, St. George's Respiratory Questionnaire response, clinically
significant change in post-bronchodilator forced expiratory volume, modification in the GOLD groups, and the presence
of adverse events.

Discussion: This will be the first randomized clinical trial to test curcumin plus piperine in COPD patients for twelve
months. This intervention may improve patients’ quality of life and reduce the economic and social burden of this disease.
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Abbreviations:

CTCAE: Common Terminology Criteria for Adverse
Events

COPD: chronic obstructive pulmonary disease
FEV1.: forced expiratory volume in 1 second

FVC: forced vital capacity

GOLD: Global initiative for chronic Obstructive Lung
Disease

SGRQ: St. George's Respiratory Questionnaire

INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is a
group of life-threatening chronic conditions
characterized by progressive airflow limitation. The
Global Initiative for Chronic Obstructive Lung Disease
Pocket Guide (GOLD) states that COPD is the fourth
leading cause of death worldwide, affecting 13,1% of the
world population. In the United States, COPD affects
more than 16 million people (Blanco et al, 2019) and
accounts for costs of approximately 52.4 billion dollars
annually, especially due to exacerbations, which
represent the main financial burden (Guarascio et al,
2013). Currently, management includes symptomatic
relief and strategies for risk reduction of future
exacerbations. The interest lies in the prevention of
exacerbations by using long-acting beta-agonists, long-
acting muscarinic antagonists, inhaled corticosteroids,
mucolytics, vaccinations, and long-term macrolides (Ko
et al, 2016), which so far have not shown a significant
decrease in mortality rates (Agusti etal, 2014).

COPD pathophysiology involves an excessive
inflammatory response, resulting from the inhalation of
harmful environmental particles and gases. Subsequent
accumulation of multiple inflammatory cells including
macrophages, neutrophils, and T lymphocytes
(especially CD8) leads to the release of toxic mediators,
capable of progressively damage the lung parenchyma
(GOLD, 2020). Therefore, new experimental drugs are
being investigated to disrupt this inflammatory
response. One of these new components is curcumin, a
phytochemical compound present in turmeric, a plant
from the ginger family. In COPD preclinical models,
curcumin has been associated with the reduction of
inflammatory molecules including nuclear factor kappa
B, tumor necrosis factor, interleukin 6, among others
(Prasad, Tyagi & Aggarwal, 2014; Biswas et al,, 2005;
Panahi etal, 2016). Moreover, it has been hypothesized
that COPD patients with glucocorticoid resistance could
benefit from curcumin supplementation since curcumin
restores histone deacetylase activity, a nuclear enzyme
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found to be diminished in these patients (Meja et al,,
2008)

Curcumins’ previous studies have shown few side
effects and demonstrated a high safety margin.
However, curcumin undergoes rapid metabolic
biotransformation, reducing its serum concentration,
and increasing renal elimination (Lao et al, 2006).
Therefore, new formulations have been manufactured
to improve curcumin’s pharmacokinetics (Sasaki et al,
2011; Prasad et al, 2014). Shoba et al. (1998)
demonstrated the use of piperine to enhance the serum
concentration, absorption, and overall bioavailability of
curcumin in both rats and healthy human volunteers
with no adverse effects.

There is still a need to improve COPD treatment, to
find a novel and effective intervention that also reduces
the healthcare costs associated with this disease by
reducing exacerbation-related hospitalization. Despite
the proven antioxidant and anti-inflammatory
properties of curcumin, to our knowledge, there are no
studies of its combination with piperine to treat COPD.
This randomized trial protocol aims to evaluate these
natural, non-toxic components in an attempt to reduce
future exacerbations in patients classified as GOLD C &
D.

MATERIAL AND METHODS

Trial design

This is a phase Il randomized, placebo-controlled, triple-
blinded, parallel-group, and multi-center trial of COPD
patients in GOLD groups C and D with a primary
endpoint of the mean rate of moderate to severe COPD
exacerbations after 12 months follow-up.

Study setting

The study will be conducted in three COPD referral
centers located in different regions of the United States
of America.

Randomization

Participants will be recruited by each center. Blocked
randomization, in a 1:1 ratio, will be performed using an
online randomization service (TENALEA) with
permuted blocks of four, six, and eight subjects,
releasing the randomization code after the recruitment
of the patient and all baseline measurements are
finalized. Data from all eligible participants who consent
will be entered into the web database by the staff
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member assigned for recruitment and clinical
interviews.

Blinding
This will be a triple-blinded study in which subjects,
attending physicians, and outcome

assessors/statisticians will be unaware of allocation.
Assigned pharmacists will have unblinded access to the
randomization code.

Because curcumin and piperine have noticeable
tastes and colors, both intervention and placebo
capsules will be similar in size, color, consistency, and
packaging. Placebo will have an orange-colored starch
powder that will have intestinal and urinary elimination
to mimic the intervention.

Blinding’s efficacy will be measured using Bang’s
Blinding Index after 50% enrollment and at trial
termination. Unblinding of participants will proceed
after study publication.

Emergency unblinding

In case of severe adverse events, emergency unblinding
can take place. The researcher will access the database
and fill a form stating why the blinding was broken.
Other members of the research team will not be
informed. Participants will only be informed of their
allocation if needed.

There will be a 24-hour hotline for subjects to
report adverse events and participants will be
encouraged to call in case they need immediate medical
attention.

Eligibility

Inclusion Criteria:

o Age=40;

e Previous COPD diagnosis confirmed by spirometry
(FEV1/FVCratio < 0.7 after bronchodilator);

e Symptoms severity classified as GOLD C or D;

e Exacerbation free period of at least 4 weeks before
baseline measurements;

e Able to perform spirometry (American Thoracic
Society/European Respiratory Society acceptability
criteria);

e Autonomy to consent;

e Available to participate in a 12-month clinical trial.

Exclusion Criteria:

e Respiratory diseases: asthma, interstitial fibrosis,
sarcoidosis, and other occupational lung diseases;

e History of lung resection;
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e New York Heart Association functional heart failure
classes Il & IV;

e Liver orrenal failure;

¢ Insulin-dependent diabetes;

e Neuropsychiatry conditions: dementia, other
neurocognitive deficits, schizophrenia, and bipolar
disorders;

e Previous use of systemic corticosteroids within 4
weeks before baseline measurements;

e Use of commercial curcumin supplements within
14 days before baseline measurements;

e Immunosuppressive therapies;

e Malabsorption syndromes;

e Abnormal levels of lactate dehydrogenase/serum

alkaline phosphatase;

Anemia;

Coagulopathies;

Use of anticoagulants;

Pregnancy and breastfeeding;

Use of drugs metabolized by cytochrome p450;

Current alcohol dependence or drug abuse;

Confirmed allergy to any of the components found

on curcumin and/or piperine.

Recruitment strategy

COPD attending clinicians of each site will be contacted
in person and by email. Information about the clinical
trial will be given, emphasizing the benefits for patients
and its clinical relevance. The research teams will share
the clinical trial proposal among doctors from other
respiratory facilities to enhance trial awareness and
improve recruitment. Online advertising will be
introduced through each center reference site and
google for three months before the trial begins and later
on during the recruitment period, if necessary. Online
advertisements will actively appear within the Google
search window of individuals within a 250 miles radius
from each facility who look for the words: “COPD”,
“Chronic obstructive pulmonary disease”, “curcumin”,
“piperine” or “spirometry”.

We will have an ongoing recruitment strategy, in
which two investigators will screen medical records for
eligibility of COPD patients admitted in the referral
centers, 4 hours a day at least 3 times per week.
Potential candidates will be presented to the principal
investigator of each site.

The informed consent, in English and Spanish, will
be approved by the institutional review board of each
center. This document will be signed by the subject
during the baseline visit.
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Figure 1. Study timeline of CUPISCO trial
standard treatment that each patient was receiving
Adherence before entering the trial, according to the GOLD

Adherence will be reinforced in every office visit. Before
the mandatory appointment, a reminder will be sent via
email and/or SMS. In case of missed appointments,
reasons will be assessed, and adherence reinforced.
After three failed phone calls and email attempts,
participants will be excluded from the trial.

At each mandatory visit, participants will be given
a flask filled with pills for 3 months and asked to return
unused pills, which will be counted to assess adherence.
Transportation and food vouchers will be offered on
visit days for the subject and a partner.

Intervention

Different doses of curcumin have been investigated for
different diseases, however, a dose of less than 2g does
not reach the appropriate bioavailability needed for a
significant clinical effect (Shoba et al. 1998). The
combination of curcumin and 20mg of piperine has
been shown to increase the bioavailability of curcumin
by 2000% (Shoba et al. 1998), without side effects
(Panahi et. al 2016). For this reason, a capsule
containing 4g of curcumin and 20mg of piperine will be
manufactured for this trial, along with a placebo pill
containing an artificial colored orange starch. Both pills
will share the same characteristics. The intervention
will consist of a daily oral administration of the
curcumin/piperine pill, or placebo, combined with the
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Guideline. All treating physicians will receive
appropriate training on possible standard treatment
combinations accordingly. The first meeting between
the physicians and the clinical trial team will take place
prior to patient enrollment.

Modification/discontinuation

No dose modifications will be made during the trial.
Curcumin supplementation rarely presents significant
adverse events (Cheng et al, 2001). If mild
gastrointestinal side effects occur, treatment will be
continued, as those often improve spontaneously.

Treatment will be interrupted in cases of adverse
events grade 3 or higher according to the Common
Terminology Criteria for Adverse Events (CTCAE)
version 5.0 (U.S. Department of Health and Human
Services (2017)). Luber et al. (2019) reported 2 study
cases with induced liver injury related to curcumin
(dose of 1125mg of curcumin). This adverse event is
rare, however, a significant increase in liver enzymes
without a clear cause would be an indication to stop
supplementation. In the first visit, a complete blood
count and liver function test will be taken.

Outcomes

To evaluate the difference in effectiveness between
curcumin plus piperine and standard treatment alone,
the mean rate of moderate and severe exacerbations
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after a 12-month follow-up will be the primary
outcome. Moderate exacerbations are defined as "those
leading to treatment with systemic
glucocorticosteroids, antibiotics, or both for at least 3
days", and severe, as "resulting in hospitalization or
death" (Rabe etal,, 2020).

Each patient will be given a diary to record
exacerbation events, which will be self-reported at each
mandatory visit, every 3 months, and will be
corroborated through medical records reviewed by the
attending physicians.

If the event occurred in a different health care
facility, the patient will be asked to provide a discharge
medical record. In the absence of records, the event will
not be considered as an exacerbation. An exacerbation
will only be counted after being reviewed by the Clinical
Event Committee, which will be composed of five
blinded pulmonologists not involved in the study.

Secondary outcomes:

e Time until first moderate or severe COPD
exacerbation (since day one of intervention)

e A clinically significant change in post-
bronchodilator forced expiratory volume (FEV1) =
15% (Cazzola et al,, 2008)

e St George's Respiratory Questionnaire (SGRQ)
response with a mean change in score of = 4 units
will be considered slightly efficacious, = 8 units
moderately efficacious and = 12 very efficacious
treatment (Jones, 1994).

The previously listed outcomes will be measured at

baseline and every 3 months over a twelve-month

period by the attending physician.

Other secondary outcomes are:

e Modification in the GOLD groups (GOLD, 2020),
which will be assessed by physicians at baseline and
the end of the trial.

e Adverse events will be reported by the patient to
the research team and will be monitored
throughout the entire trial period. The adverse
events assessment will be based on the CTCAE
version 5.0 grades (mild, moderate, severe, life-
threatening consequences, death).

Data Management

Each patient will have a Case Report Form to collect the
data filled by the healthcare practitioners during the
follow-up appointments. Data will be entered
electronically, to the Oracle Clinical database
management system, by the Data Coordinating Center,
an independent team.
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Interim Analysis

An interim analysis to assess for safety will be
performed by the Data and Safety Monitoring
Committee when 10% of the enrollment is complete
and those subjects have completed 3 months of follow-
up. The trial will be terminated if >10% of participants
suffer adverse events grade 3 or higher according to
CTCAE version 5.0

Sample size

Based on previous literature showing a mean
exacerbation rate of 1.7 for the control group (Rabe et
al, 2020), we designed our study to have 80% power to
detect a reduction of at least 30% in the mean
exacerbation rate (Criner, 2019). The sample size was
calculated using the ratio of two negative binomial rates,
an effect size of 0.30, a negative binomial dispersion (k)
1, alpha 0.05, and a 20% dropout rate. We will need to
enroll 1716 participants, with 858 participants for the
control and intervention groups, respectively.

Statistical Analysis

Negative binomial regression will be used to assess the
mean exacerbation rate at 12 months. Adjustment for
potential differences at baseline will be performed for
the following covariates: gender, smoking,
comorbidities, and age.

For the secondary endpoints, time to first exacerbation
will be analyzed using survival analysis, by generating
Kaplan-Meier estimates to graphically show
exacerbation free time for both groups. Cox
proportional-hazard model regression analysis will be
performed to assess between-group differences and to
adjust for covariates (smoking, age, gender). The change
in post-bronchodilator FEV1 will be compared to
baseline using a linear mixed model.

St. George’s Respiratory Questionnaire (SGRQ),
change in the GOLD group, and adverse events will be
analyzed using chi-square or Fisher's exact test as
appropriate.

All tests will be calculated using 2-sided p-values
with an alpha <0.05 level of significance. The statistical
analyses will be performed using STATA/IC software
version 16.1.

We will use intention to treat (ITT) analysis
anticipating that missing data could be fully explained
by the association with the observable independent
variables. To handle missing data, Stochastic Regression
Imputation will be performed.
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DISCUSSION

A multi-center, triple blinded, randomized, phase II trial
will be conducted in COPD patients, classified as GOLD C
and D, who are currently under standard treatment.
Supplementation with 4g of curcumin combined with
20mg of piperine versus placebo will be used to assess
changes in the mean exacerbation rate, a clinically
relevant outcome that impacts not only the patients’
quality of life but also the entire healthcare system.

The main strength of this study lies in the primary
outcome, a hard type endpoint not susceptible to
subjectivity. Bias will be limited by large sample size,
along with blinding and randomization strategies. Due
to the long-term follow-up, the risk of potential placebo
effect will be reduced. Strict inclusion criteria will
reduce variance in this study population, increasing
internal validity. We addressed possible limitations
with the study design. First, a reduced effect size
extrapolated from past studies led us to increase the
sample size. In addition, we decided to do a multi-center
trial to increase the feasibility of recruitment, although
this could imply less compliance to follow the protocol
by center. Second, in a 12-month follow-up, adherence
— not only for the intervention but for the follow-up
visits— can be challenging. Third, the potential side
effects of curcumin as well as the chemical changes it
produces in urine may lead to unintentional unblinding
of the participants or attending physicians. Finally,
dropouts resulting from severe side effects could lead to
missing data not at random, threatening the study
validity.

This will be the first randomized clinical trial to test
curcumin plus piperine in COPD patients for twelve
months. Our dosage is based on previous studies, where
up to 8g of daily curcumin was used for 3 months
without adverse events (Cheng et al, 2001). Similarly,
the combination of 1.5g of curcumin and 20mg of
piperine was safely used for 4 weeks (Panahi et al,
2016). Regardless, we will still assess for safety through
an interim analysis.

Previous in vitro studies demonstrating
curcumin’s  anti-inflammatory and  antioxidant
properties have raised our expectations for this study.
However, some factors may negatively affect the
outcomes of our trial including curcumin's reduced
effect size, insufficient dosage, the sample not being
representative of the population, or the personalized
treatment combinations received by each patient.
Nonetheless, we believe that all of these possibilities, if
present, will serve as a guide for future researchers.
Negative results could help answer questions and
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highlight new knowledge gaps that incite researchers to
keep pursuing clinical trials in this field.

CONCLUSION

Curcumin has been part of the human diet and
alternative medicine for centuries. Interest in natural
remedies is growing, leading to more research about
curcumin’s properties and its incorporation as a
treatment in different inflammatory diseases. We will
combine curcumin with piperine to enhance its
bioavailability and ensure a dosage capable of showing
a clinical benefit. The proposed supplementation
presents itself as a safe and inexpensive treatment
strategy to improve patients’ quality of life and reduce
the economical and social burden of this disease.
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