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Background and objectives Use of convalescent plasma for coronavirus disease
2019 (COVID-19) treatment has gained interest worldwide. However, there is lack
of evidence on its dosing, safety and effectiveness. Until data from clinical stud-
ies are available to provide solid evidence for worldwide applicable guidelines,
there is a need to provide guidance to the transfusion community and researchers
on this emergent therapeutic option. This paper aims to identify existing key
gaps in current knowledge in the clinical application of COVID-19 convalescent
plasma (CCP).

Materials and methods The International Society of Blood Transfusion (ISBT) ini-
tiated a multidisciplinary working group with worldwide representation from all
six continents with the aim of reviewing existing practices on CCP use from
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donor, product and patient perspectives. A subgroup of clinical transfusion pro-
fessionals was formed to draft a document for CCP clinical application to identify
the gaps in knowledge in existing literature.

Results Gaps in knowledge were identified in the following main domains: study
design, patient eligibility, CCP dose, frequency and timing of CCP administration,
parameters to assess response to CCP treatment and long-term outcome, adverse
events and CCP application in less-resourced countries as well as in paediatrics
and neonates.

Conclusion This paper outlines a framework of gaps in the knowledge of clinical
deployment of CPP that were identified as being most relevant. Studies to address
the identified gaps are required to provide better evidence on the effectiveness
and safety of CCP use.

Key words: convalescent plasma, COVID-19, gap analysis, patient outcome,
SARS-CoV-2.

Introduction

Coronavirus disease 2019 (COVID-19), caused by the sev-

ere acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), was declared a pandemic by the World Health

Organization (WHO) on 11 March 2020 [1]. To date, there

are no proven therapies for infected patients. Moreover,

no vaccines are available, although many are in rapid

development and some may be available soon. Based on

the concept of passive immunization, human convales-

cent plasma (CP) from COVID-19-convalescent donors has

emerged as an option for prevention and treatment of

COVID-19 considering that it can rapidly be made avail-

able and, theoretically, could be used for providing

immediate immunity to susceptible individuals through

viral neutralization [2]. Other proposed mechanisms of

action include antibody-dependent cellular cytotoxicity

and/or phagocytosis [3]. Moreover, the use of CP may

provide an immunomodulatory benefit via amelioration

of macrophage activation and systemic hyper-inflamma-

tion or ‘cytokine storm’ [4].

The interest in the use of CP in managing COVID-19-

infected patients is based on the historical use of CP in

other viral outbreaks such as measles [5], mumps [6] and

influenza [7,8]. CP was also used in viral epidemics such

as Spanish influenza A (H1N1) [9], avian influenza A

(H5N1), SARS [10], Middle East Respiratory Syndrome

and Ebola disease [3,11,12]. A retrospective meta-analysis

concluded that CP from survivors of these diseases may

reduce mortality, but should be studied in the context of

well-designed trials due to the lack of high-quality stud-

ies and paucity in the published literature [13]. The early

case series published from China on the therapeutic use

of COVID-19 convalescent plasma (CCP) showed a

potential role in improving clinical symptoms, decreasing

viral load and raising serum neutralizing antibody titres

[14,15]. However, these studies featured important limita-

tions, with implications for the conclusions that can be

drawn. The WHO recommended scientific studies to

explore the feasibility and medical effectiveness for CCP

collection and use, and to establish appropriate regulatory

conditions including monitoring and reporting patient

outcomes [16].

To deploy CCP therapy, various donor, product and

patient-related conditions should be addressed [3]. Guid-

ance is needed to direct blood centres and transfusion

services on collection and manufacture of CCP and to

support clinicians developing evidence-based treatment

strategies. Existing gaps in knowledge regarding CCP tri-

als need to be identified to enable developing and defin-

ing recommendations on patient eligibility,

administration, safety and monitoring of adverse events.

The deliverables from this project will facilitate study

design and analysis of clinical data to determine CCP effi-

cacy and safety, and outcomes can be used to identify

areas that need to be explored when facing similar viral

pandemics in the future.

Materials and methods

The International Society of Blood Transfusion (ISBT)

through the Clinical Transfusion Working Party (WP)

reached out to the ISBT global network to establish a

multidisciplinary working group (WG) to address existing

practice and gaps in knowledge on the use of CCP. The

WG is comprised of members from all WHO regions, with

expertise in blood banking, clinical transfusion medicine,

adult and paediatric haematology and virology.
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Altogether, representatives from the ISBT clinical transfu-

sion WP, the ISBT WP on global blood safety, the ISBT

WP on transfusion transmissible infectious diseases, the

ISBT WP on Haemovigilance, the Asia-Pacific Blood Net-

work and AABB (formerly American Association of Blood

Banks) were included. During weekly teleconferences

(April to May 2020) a series of questions pertaining to

donor, product and patient domains were devised. The

outcome of this project is published in two separate

papers. Here, we summarize the knowledge gaps in con-

tent areas pertaining to clinical deployment of CCP, based

on existing literature at the time of publication, and input

from clinical transfusion professionals. Donor- and pro-

duct-related issues are addressed in a separate paper.

Results

Trial and study design

Randomized controlled trials (RCTs) with careful study

designs and appropriate control group(s) are preferable.

The comparative arm may include standard care, or

another intervention, such as non-convalescent plasma or

crystalloid fluid. RCTs will provide the most robust data,

but a range of practical considerations will influence

study designs possible during the outbreak. Double-

blinded studies may be difficult to conduct in a pandemic

situation when it is important to test new treatments as

rapidly as possible. To date, there is no obvious placebo

comparator to CCP, and non-convalescent plasma (that

does not contain specific anti-SARS-CoV-2 antibodies)

could lead to known transfusion-associated adverse

events such as transfusion-associated circulatory overload

(TACO), transfusion-related acute lung injury (TRALI),

allergies or transfusion-transmitted infections (TTIs).

Instead of applying a placebo, a way to decrease bias

within the trials is to perform large pragmatic trials that

use objective measures of effectiveness, such as assessing

a decrease in all-cause mortality. Platform trials with

adaptive design where more than one ‘domain’ may be

active concurrently and, where patients can be allocated

quickly to promising therapies, may also be efficient ways

to conduct high-quality studies.

Considering that setting up RCTs may not be feasible

in all medical settings, other study designs can be

employed including cohort studies, case-control studies

and observational studies such as using registries [17].

These studies may provide information that could still be

of great value to assess other perspectives, such as the

feasibility of collecting, processing and administration of

CCP at pre-defined doses and treatment time-points in

different clinical settings. The choice of study design may

be dictated by country-specific challenges such as

feasibility of conducting RCTs and cultural acceptability

of enrolment in clinical research in the setting of a pan-

demic threat.

Patient eligibility

COVID-19 convalescent plasma should only be offered as

therapy to patients with a laboratory-confirmed COVID-

19 diagnosis or as prophylaxis in well-monitored clinical

trials exploring prevention of COVID-19 infection in

high-risk populations. The patient cohorts studied in most

of the current therapeutic clinical trials consist of adults

with moderate or severe respiratory disease. Eligibility

criteria vary substantially, ranging from patients who do

not require hospital admission [18] to patients with severe

COVID-19 disease requiring mechanical ventilation

[19,20]. CCP use may have its greatest benefit in patients

early in their disease and prior to being placed on

mechanical ventilation; however, studies are lacking to

make any definitive conclusions [10]. Multiple studies

exclude pregnant or breast-feeding women or patients

with co-morbidities such as renal or cardiac disease

[20,21]. Compassionate use of CCP has been started in

settings outside clinical trials for patients with serious or

life-threatening COVID-19 disease, who are not eligible or

who are unable to participate in RCTs [22]. Prophylaxis

trials of non-infected, but at risk subjects including these

with history of exposure, are also being designed and

now open for inclusion [23,24].

Considering that the COVID-19 pandemic is globally

dynamic, enrolling patients in clinical trials can be a

challenge in countries that are at the acute stage of the

pandemic. Obtaining ethical and/or regulatory approvals

can delay initiation of the trials. In addition, it becomes a

challenge to meet the enrolment target in late stages of

the pandemic when the number of eligible cases is

decreasing significantly. Collaborative international trials

are underway and will be useful in such circumstances

[25]. Decision to initiate a CCP trial should be made early

in a pandemic after assessing feasibility, benefits and

risks. Although blood products are now very safe in most

countries with the existing testing for TTIs, recovered

COVID-19-infected patients who have received CCP man-

ufactured without pathogen reduction treatment (PRT)

may be deferred from subsequent CCP collection. In addi-

tion, CCP donors may be eligible to receive allogeneic

CCP in case of COVID-19 re-infection or reactivation.

COVID-19 convalescent plasma dose, frequency
and timing of administration

COVID-19 convalescent plasma can be collected by

apheresis or whole blood donation. Apheresis yields 200–
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800 ml of CCP that can be divided into 1–4 separate units

before freezing. There is a wide variation in the CCP dose

used [26] due to a lack of standardization in study design,

variation in CCP collection methods, production and

administration. In early studies from China, two consecu-

tive transfusions of 200–250 ml of ABO-compatible CCP

were used in one study [14], whereas a single 200 ml

dose with anti-SARS-CoV-2 titre >1:640 was tested in

another study [27]. A dose of 200 ml, followed by 1–2
doses of 200 ml according to disease severity and patient

tolerance, has been recommended by some authors [28].

This was also the case for CP use in other viral outbreaks,

including H5N1 [8].

At this stage, there is no evidence for which dose and

timing is best to optimize patient outcome [26]. A variety

of CCP doses is currently under evaluation in registered

clinical trials ranging between 200 and 600 ml per adult

patient, or defined according to the patient’s body weight

or by the number of units to be transfused [29]. The mini-

mal effective dose, and whether that is related to a speci-

fic neutralizing antibody titre, is currently unknown.

Because viraemia peaks in the first week of infection in

most viral illnesses, and because the primary immune

response typically develops by day 10–14, followed by

viral clearance, administering CCP early in the disease

course could theoretically be more effective [10]. Based

on the experience in other viral infections, CP should be

used early in the disease before the inflammatory syn-

drome starts and the peak of production of endogenous

IgM and IgG antibodies [8,30]. In early studies of SARS

patients, better outcomes were seen in those given CCP

before day 14, as compared to later time-points [10]. This

approach would be expected to be most effective in

COVID-19-infected patients; however, it has not yet been

shown in clinical trials. Early administration for COVID-

19-infected patients is also believed to prevent innate

immune cell migration and avoid lung damage [4].

Whether additional transfusions should be given, and

when, is also currently unknown. Factors to be analysed

include transfused volume, response to treatment, and the

risk of adverse events. Patient clinical and laboratory cri-

teria that may determine the need of an additional dose

and the timing of its administration from the first dose

are yet to be defined.

Parameters to assess response and outcome

The safety and efficacy of CCP transfusion are not yet

established and new data on patient outcomes are emerg-

ing continuously [27,31–33]. Previous meta-analyses on

CP use in other viral infections reported improvement in

clinical signs and symptoms, hospital length of stay, viral

load and mortality [8,13]. One meta-analysis identified

the potential for CP to reduce mortality in severe acute

respiratory infections of other aetiologies including

SARS-CoV-1 and H1N1 influenza [13]. Outcomes

included mortality, hospital length of stay, requirement

for and duration of critical care support, viral antibody

level, viral load and adverse events. However, the same

meta-analysis reported methodological heterogeneity and

moderate-high risk of bias in the studies conducted.

Limited early data on CCP use suggest clinical benefit

with reductions in body temperature, improved Sequential

Organ Failure Assessment (SOFA) score, less need of res-

piratory support, improved lymphocyte count and inflam-

matory markers, increases in IgG, IgM and neutralizing

antibody titres, and reduction in viral load [14,27].

Another study reported reduced pulmonary lesions, by

chest CT scans, after CCP transfusion [27]. Use of globally

accepted objective disease severity definitions and mobil-

ity end-points when assessing response to CCP is pre-

ferred to enable comparison between studies [34]. The

European Commission recommended that hospitals report

various parameters, including clinical symptoms, labora-

tory results, a disease progression scale, length of hospi-

talization, and serious adverse events [35]. A publicly

accessible database is set up to gather outcome data and

to allow for meta-analyses to evaluate safety and efficacy

on a regular basis [17]. It is paramount to report end-

point results of such studies regardless of their study

design to enable acquisition of data and information on

the feasibility of CCP use, its effectiveness and safety.

The authors acknowledge the need for RCTs to evaluate

CCP use objectively among different patient populations.

It is important to assess feasibility and efficacy under

standard regulatory conditions, particularly regarding

ethical conduct, appropriate CCP collection, and the mon-

itoring and reporting of patient responses and outcomes

[16]. Assessing the impact of other confounders, such as

patient co-morbidities, timing of administration and

effects of other treatments (e.g., anti-viral drugs and cyto-

kine inhibitors), necessitates stringent evaluation based

on pre-defined clinical signs and symptoms and labora-

tory parameters (e.g., inflammatory markers, serum cyto-

kine and viral antibody levels, viral load). Other outcomes

include mortality, hospital length of stay, duration of crit-

ical care support (e.g., days on a ventilator and/or in an

intensive care unit), severe adverse events and treatment

complications.

Comparing clinical and laboratory patient responses to

CCP antibody characteristics may identify patient and

donor factors that predict clinical efficacy. Access to reli-

able COVID-19 antibody testing varies, and is rapidly

evolving, affecting the ability to qualify CCP donors and

characterize their donations. Prior to implementation of

COVID-19 antibody assays with titre thresholds as release
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criterium for CCP, clinical trials should consider request-

ing retention samples from CCP units to be stored until

assays are available. This will improve the ability for

objectively measuring product characteristics and efficacy

and outcomes of CCP infused prior to routine use of these

assays.

Adverse events

No serious adverse events were reported in the systematic

review of CP use in other viral infections [13]. In addi-

tion, no serious adverse effects were reported from the

initially published studies regarding CCP use [27]. That

said, from the first Cochrane review of reported case ser-

ies, the adverse events rates were reported to be very low

[26]. Moreover, a study reported a low rate of serious

adverse events in the first four hours of transfusion (<1%)

[36]. However, under reporting of adverse events cannot

be excluded. Risks associated with CCP are likely to be

the same as those with standard plasma, including TTIs,

mild transfusion reactions (e.g., allergic and febrile) to

potentially life-threatening transfusion reactions (e.g.,

TACO, TRALI and anaphylaxis/anaphylactoid reactions)

[37]. TACO and TRALI are particularly concerning in sev-

ere COVID-19 given the underlying acute lung injury and

potential priming of the pulmonary endothelium [38,39];

this highlights the importance of CCP donor selection to

avoid high risk donors. Thus, the European Union pro-

gram requires CCP donors without a history of blood

transfusion and female donors who have never been

pregnant, or are tested and found negative for anti-HLA/

HPA/HNA antibodies using a validated assay [35]. Pre-

treatment to minimize transfusion reactions (e.g. acetami-

nophen and diphenhydramine) may be considered, as

needed, or if the patient had previously needed pre-medi-

cation for blood transfusions. Whatever dose of CCP is

used, patients at risk of TACO (small stature, low body

weight, elderly, known or suspected renal or cardiac dys-

function) should be transfused slowly – at a rate as low

as 1 ml/kg/h – and closely monitored throughout the

infusion [40].

Reporting adverse events using internationally agreed

haemovigilance definitions will assist in comparing

results between studies [41–43]. Donor and patient

adverse events need to be reported within institutional

and national haemovigilance frameworks using interna-

tionally agreed definitions to gather more information on

the safety of CCP collection and its use in adult and pae-

diatric patients. Cooperation with international haemovig-

ilance programs is preferable.

There is a theoretical risk of transmitting SARS-CoV-2

by transfusion, especially with the current lack of donor

screening for common respiratory viruses [38]. In one

recent study, four asymptomatic donors, out of 2430

screened platelet and whole blood donations, had detect-

able SARS-CoV-2 RNA in their blood [44]. However,

detectable RNA does not necessarily imply infectivity. To

the best of our knowledge, there has never been a report

of respiratory virus transmission via blood transfusion;

nonetheless, this needs to be assessed by ongoing surveil-

lance. Another potential risk is antibody-dependent

enhancement (ADE), whereby antibodies developed during

past infection with a different viral serotype exacerbate

clinical severity of the current illness. This was seen with

dengue virus, among other viral infections [45,46]. It is

hypothesized that the mechanism involves IgG antibody

Fc-region binding to the Fc gamma receptor on an

immune cell, such that the Fc gamma receptor function-

ally mimics the actual viral receptor and, thereby, medi-

ates viral entry [47]. There have been no reports of this

phenomenon occurring with the SARS-CoV-1 or MERS

viruses as a result of CP transfusion. Nonetheless, specific

studies to assess this potential risk are required, particu-

larly regarding vaccine design, use of PRT and mono-

clonal antibody-based therapy. Finally, there is a

theoretical risk that CCP could exacerbate underlying

coagulopathy associated with severe COVID-19 [48]. This

was not reported in any of the recently published studies

[26,33,36]. These potential risks and the fact that, at this

stage, there is no specific anti-SARS-CoV-2 treatment

available, should be discussed with the patient at time of

enrolment in CCP clinical trials.

Application in paediatric and neonatal medicine

Early data suggest that paediatric COVID-19 cases might

experience different symptoms than adults with children

overall showing less severe disease than adults [49].

Based on all reports so far, less than 10% of children had

severe or critical disease and mortality was rare [49].

Children with chronic lung and/or cardiovascular disease

or immunodeficiency or on immunosuppression may be

at higher risk for worse outcomes [50–52]. There is a

scarcity of data specifically on CP use in paediatric and

neonatal populations. During the Spanish flu, paediatric

single doses of 50 ml of CP were attempted but no clear

paediatric-specific outcomes are listed [8]. Given the

dearth of other treatment options, CP can potentially play

a key role and be a safe and efficacious treatment modal-

ity in children and neonates, which if instituted in a

timely manner may reduce progression from mild to more

severe disease. But this will need extremely careful evalu-

ation in well-planned clinical trials and prospective

studies.

Very few trials on use of CPP currently include chil-

dren or neonates; however, few trials are planning to
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include children [24,53,54]. In the United States, a study

aims to evaluate the safety and pharmacokinetics of

human CCP in high-risk children (1 month–18 years),

either with confirmed infection or with high risk expo-

sure. CCP, with anti-SARS-CoV-2 antibody titres ≥1:320,
at a dose of 5 ml/kg, with a maximum volume of 500 ml,

will be used [24]. In Canada, a randomised, multi-centred,

open-label Phase 2 clinical trial of the safety and efficacy

of CCP for treatment of COVID-19 disease in hospitalised

children has been launched [53]. This protocol allows a

10 ml/kg dose up to a maximum dose of 500 ml vs. stan-

dard of care as the control arm. It is challenging to per-

form clinical trials in this age group due to lower patient

numbers. Therefore, the importance of multi-institutional

collaborative national and international efforts cannot be

overemphasized. Multi-institute registries collating obser-

vational data on CCP use and outcomes can be very

important in the interim, while trial results are awaited.

Kawasaki-like inflammatory syndromes (Multisystem

Inflammatory Syndrome in Children; MIS-C) have been

reported in children with COVID-19 [55]. Most reports,

both anecdotal and published, described the MIS-C occur-

ring after infection with SARS-CoV-2. However, some

report that the virus can be detected concurrently with

MIS-C [56]. Whether affected children may benefit from

CCP remains unclear and no recommendation can be

made with certainty. If the patient is actively infected

with SARS-CoV-2 at time of MIS-C then treatment with

CCP might be beneficial. More studies are required to

establish safety and efficacy of CCP in this syndrome.

Less-resourced countries

Resource constraints at both micro- and macro-level

impact the provision of healthcare infrastructure as well

as the ability to access this limited healthcare. The net

effect is late presentation of significantly ill patients who

compete for limited resources with other patients, often

displacing such patients and further depleting the avail-

able resources. In addition, poor socio-economic circum-

stances contribute to rapid spread of disease, high rates

of co-morbidities, all of which may contribute to poor

patient outcomes, especially given limited availability of

critical care facilities. At high rates of community out-

breaks, however, especially once healthcare resources are

saturated, higher resourced countries see similar issues.

There are many challenges faced by medical systems in

low- and middle-income countries (LMICs) that may limit

enrolling patients in CCP treatment programmes. Per-

forming robust clinical trials against this background is

problematic, as is borne out by the work on CP use dur-

ing the previous Ebola crisis [57,58] leading to the poten-

tial empirical or observational use of CP in these settings.

All possible attempts should be made to confirm safety

and efficacy prior to redirecting limited resource to large-

scale collection and provision of CCP. It is important to

avoid empirical use of CCP based on symptomatology;

particularly because COVID-19 has a wide range of pre-

senting symptoms with significant overlap with other

communicable diseases. Where feasible, CCP use should

ideally be part of clinical trials, even if limited in scope,

with clear, preferably clinical end-points, which do not

require sophisticated laboratory investigations. However,

plasma infusions in these setting are not without risk;

high levels of communicable diseases and limited access

to robust testing systems, poses particular risks in these

settings, necessitating detailed risk-benefit assessments.

Supply from other countries across international borders

is impeded by many regulatory, financial and logistic

barriers and challenges.

Ethical consideration

The adoption of CCP for treatment of COVID-19 has

introduced a number of ethical challenges. Foremost, it

remains an unproven therapy, despite a growing literature

suggesting that it may be beneficial. Indeed, CCP was

adopted quickly and widely in the absence of strong evi-

dence of benefit, instead relying on case reports and

uncontrolled observational studies to support its use

[14,15]. Those data suffer from serious methodologic limi-

tations, not least of which is the potential for confound-

ing in late-stage disease. As one example, most of the

patients who have received CCP have also been subjected

to a range of other therapies. Second, recent data have

afforded insight into the safety of use, suggesting that the

risk of CCP is comparable to that of standard plasma [36].

Nonetheless, early in the pandemic when treatment

options were otherwise minimal, transfusion of CCP

was undertaken before safety data was available to

specifically address the theoretical risks of SARS-CoV-2

transmission, ADE and exacerbation of underlying coagu-

lopathy [38].

The demand for CCP continues to increase as it gains

media attention as a viable treatment due to its anecdotal

successes, its relative ease to manufacture from recovered

patients, and as other therapeutic modalities fail to show

benefit in clinical trials. There is insufficient inventory to

support all patients in the notable absence of robust clini-

cal data. While dual inventories could avoid competition

between the clinical trials and compassionate use of CCP,

there is more likely to be a single source to draw from.

Compassionate CCP use may also impede enrolment into

clinical trials, particularly if the study design includes

randomisation offering the potential of placebo rather

than CCP.
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From an ethical perspective, all patients – including

those enrolled in RCTs – should receive the best available

supportive care as soon as appropriate and available.

Considering the lack of high-level evidence to support the

use of CCP at this time, the option to allow patients to

cross over to the ‘treatment group’ who were initially ran-

domized into the control group, and who show progres-

sive disease after the primary end-point of the trial has

been reached, can be considered. The latter may not only

be an ethical option but could also allow data acquisition

on an additional CCP infusion time-point in a given study

after assessment of the primary end-points.

A broader question relates to the ethics of implementa-

tion of an unproven therapy in LMICs, the majority of

which are unable to meet transfusion demand given a

myriad of systemic challenges [59,60], but which may also

have extremely limited access to other therapies. CCP may

further strain those transfusion services. Using whole

blood collection techniques could decrease the overall

safety of the local blood supply by collecting (largely) first

time donors, who traditionally have higher rates of TTIs.

Diverting limited healthcare and blood establishment

resources to the collection and provision of products with

limited evidence of efficacy within a particular setting

may more broadly negatively affect public health delivery.

Conclusions

We identified key questions and gaps in knowledge per-

taining to the clinical use of CCP, including in special

settings for paediatric and neonatal patients, as well as

in less-resourced countries, and we suggest points to

consider for developing new trials (Table 1). Acknowl-

edging the substantial heterogeneity of the clinical CCP

landscape the medical field has to deal with, this gap

paper could help to put some studies into context, and

it could contribute to conduct more streamlined and co-

ordinated future studies. Central questions to be clarified

are whether CCP is safe and effective for adult and

paediatric patients with COVID-19. A recent Cochrane

Systematic Review has shown no evidence to support

CCP use based on the very limited existing reports [26].

However, substantial amounts of data are being pub-

lished every day. Thus, addressing gaps in knowledge

identified in this document, together with emerging evi-

dence, is expected to identify the benefits and risks of

CCP, thereby providing a robust basis for defining its

future therapeutic use.
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