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ABSTRACT
Introduction  Given that exercise training reduces the risk 
of developing Alzheimer’s disease (AD), induces changes 
in the blood composition and has widespread systemic 
benefits, it is reasonable to hypothesise that exercised 
plasma (ExPlas) may have rejuvenative properties. 
The main objective is to test safety and tolerability of 
transfusing ExPlas from young, healthy, fit adults to 
patients with mild cognitive impairment (MCI) or early AD. 
The study is a pilot for a future efficacy study. The key 
secondary objectives are examining the effect of plasma 
transfusions on cognitive function, fitness level, vascular 
risk profile, assessment of cerebral blood flow and 
hippocampal volume, quality of life, functional connectivity 
assessed by resting state functional MRI and biomarkers in 
blood and cerebrospinal fluid.
Methods and analysis  ExPlas is a double-blinded, 
randomised controlled clinical single-centre trial. Patients 
up to 75 years of age with diagnosis early symptomatic 
phase AD will be recruited from two Norwegian hospitals. 
ExPlas is plasma drawn by plasmapheresis once a month 
for 4 months, from a total of 30 fit male donors (aged 
18–40, BMI≤27 kg/m2 and maximal oxygen uptake>55 
mL/kg/min). All units will be virus inactivated by the 
Intercept method in accordance with procedures at St. 
Olavs University Hospital. Comparison with isotonic saline 
allows differentiation from a non-blood product. The main 
study consists of 6 rounds of examinations in addition to 
12 plasma transfusions divided over three 4-week periods 
during study year-1. It is also planned to conduct follow-up 
examinations 2 and 5 years after baseline
Ethics and dissemination  Written informed consent 
will be obtained from all participants and participation 
is voluntary. All participants have a next of kin who will 
follow them throughout the study to represent the patient’s 
interest. The study is approved by the Regional Committee 
for Medical and Health Research Ethics (REK 2018/702) 
and the Norwegian Medicines Agency (EudraCT No. 
2018-000148-24). The study will be published in an open 
access journal and results will be presented at numerous 

national and international meetings as well as on social 
media platforms.
Trial registration number  EudraCT No. 2018-000148-24. ​
ClinicalTrials.​gov, NCT05068830

BACKGROUND
The forecast of about 2 billion people 
being above the age of 60 by the year 20501 
implies an expected increased prevalence of 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ First double-blinded, randomised controlled clinical 
phase II trial to examine safety and explore thera-
peutic effects of ‘exercised blood’ in 60 Alzheimer’s 
disease (AD) patients.

	⇒ Relatively long follow-up (up to 5 years) in a homo-
geneous patient group who are diagnosed with AD 
according to the IWG-2 criteria.

	⇒ We have an active user board, consisting of next kin 
of present and past AD patients, who have taken 
part in study design, recruitment and dissemination. 
We have received input on several matters, such as 
how to ensure a tolerable load of participation for 
the individual patient/relatives and made changes 
and adjustments in the planned protocols based on 
feedback from the user group. The study team will 
continue to consult the user board throughout the 
study period, on implementation, results and future 
developments.

	⇒ ExPlas is innovative and potentially groundbreaking 
if found to be safe with few side effects and with 
similar promising results as seen in preclinical AD 
models.

	⇒ There are uncertainties in the assumptions for 
power calculation and, in addition to being a safety 
study, ExPlas must be regarded as a pilot for a future 
efficacy study.
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Alzheimer’s disease (AD) from today’s 36 million to 108 
million within the next three decades.2–4 New estimates 
from Norway show a higher prevalence of dementia 
and mild cognitive impairment (MCI) in both younger 
adults and in the elderly compared to previous calcula-
tions.5 6 Recent American data show that deaths from AD 
increased by 145% during the last two decades;7 while 
for comparison, deaths from heart disease decreased by 
7.3%.7 During the COVID-19 pandemic, deaths from 
AD or other dementias have additionally increased by 
16% from that expected based on previous years.7 As of 
2021, there is no proven cure for AD8–10 and the WHO 
has stated that AD is a global crisis that requires a global 
solution. Without intervention, the expected rise in AD 
adds a major burden to public health and healthcare 
costs globally.

It is hypothesised that around 40–50% of dementia cases 
worldwide are caused by modifiable risk factors,11 12 and 
that many factors associated with higher risk of cardio-
vascular disease, such as obesity, hyperlipidaemia, hyper-
tension, smoking, diabetes and physical inactivity are also 
associated with increased risk of AD.12–20 These factors 
have in common that they can be substantially modified 
through physical activity that secures above average age-
specific and sex-specific levels of cardiorespiratory fitness 
(CRF)12 19 21–23 measured as peak or maximal oxygen 
uptake (PeakVO2/VO2Max). In line with this, we demon-
strated in a prospective cohort study of 30 695 adults that 
participants who increased or sustained high PeakVO2 
over time (10 years apart) had 40–50% reduced risk of inci-
dent dementia, 30–40% reduced risk of dementia-related 
mortality, approximately 2.0 years delayed dementia 
onset and 2–3 years of life gained when compared with 
persistently unfit individuals.24 Thus, at present exercise 
training leading to a high age-relative PeakVO2 may be 
the most promising preventive ‘AD-medicine’.25 26

Although it is well established that exercise positively 
influences brain neurogenesis, plasticity27 28 and cogni-
tion,21 27 29 it is not well understood how these effects 
are mediated. The beneficial effects of exercise on the 
brain have traditionally been thought not to be medi-
ated through systemic changes.30 However, a number 
of studies in both rodents and humans31–33 demon-
strates direct effects on the brain of exercised induced 
blood-born molecules crossing the the blood–brain 
barrier.34 For instance, systemic administration of 
blood from young mice into old mice counteracts age-
related changes in the brain.35 36 Furthermore, direct 
evidence of beneficial effects of young blood treatment 
for preserving brain health has been provided in two 
different mouse models of AD,37 38 suggesting benefi-
cial effects also in the AD brain. Of particular interest, 
a small clinical trial39 reported that plasma from young 
donors transfused to patients with MCI or early AD is safe 
and possibly beneficial. An exploratory endpoint analysis 
showed improvements on functional abilities, although 
no changes were found in global cognition, mood or 
functional connectivity.

Although evidence suggests beneficial effects of young 
blood treatment in aged animals, less is known about the 
effects of exercised blood treatment in the ageing or diseased 
brain. A recent study demonstrated that administration 
of blood from exercised, aged donor mice into seden-
tary, aged mice conferred beneficial effects of exercise on 
hippocampal neurogenesis and cognition.40 Given that 
exercise training reduces the risk of AD development, 
induces changes in the blood composition and has wide-
spread systemic benefits, it is reasonable to hypothesise 
that exercised plasma may have rejuvenative properties 
similar to, or stronger than young blood. In this study, 
we aim to test the safety profile of transfusing exercised 
plasma from young, healthy adults in AD patients and 
perform a pilot test for potential therapeutic effects.

ENDPOINTS
The purpose of this study is to explore the safety of trans-
fusion of plasma from exercise-trained donors (ExPlas) 
compared with Octaplasma, a commercially available 
virus inactivated plasma product pooled from approxi-
mately 1000 donors, and Sodium Chloride 0.9% (saline) 
in patients in the early symptomatic phase of AD and 
provide pilot data regarding efficacy. An additional aim is 
to provide advancements to the field by exploring thera-
peutical effects on AD of blood-borne factors.

Primary endpoint of ExPlas
Proportion of patients with adverse events after 1 year as a 
measure of safety and tolerability, and number of subjects 
who comply with the research protocol as a measure of 
feasibility.

Secondary endpoints of ExPlas after 1, 2 and 5 years
	► Change in performance in the CERAD (The Consor-

tium to Establish a Registry for Alzheimer’s Disease) 
10 word Test

	► Change in the Mini-Mental State Examination 
(MMSE) score

	► Change in performance in Trail-Making test A and B
	► Change in scores in other cognitive tests: the Clock 

Drawing Test, Controlled Oral Word Association
Test (COWAT)-FAS, Visual Object and Space Percep-

tion (VOSP) Silhouettes
	► Change in Clinical Dementia Rating Scale Global 

score and Sum of Boxes, and The Lawton Instru-
mental Activities of Daily Living Scale (IADL)

	► Change in performance in the 6 minute walk-test
	► Change in/reduced hippocampal atrophy and pres-

ervation of functional connectivity assessed by resting 
state functional MRI

	► Change in score of quality-of-Life SF-36 Questionnaire
	► Change in biomarkers in blood and cerebrospinal 

fluid (CSF)
	► Change in cardiac dimensions, volumes and func-

tional indices
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Hypothesis, primary outcome
(I) ExPlas transfusions to patients in early symptomatic 
phase of AD is safe.

Hypotheses secondary outcome
(II) ExPlas transfusions to patients in early symptomatic 
phase of AD ameliorates the biomarker-profile in blood 
and CSF, structural MRI and functional MRI, cognitive 
function, functional capacity, fitness and quality of life.

METHODS
Design
The study is a double-blinded, randomised controlled 
clinical phase II trial recruiting from two Norwegian 
hospitals to a single study site at St. Olavs University 
Hospital in Trondheim, Norway. The first patient was 
enrolled and randomised on September 15th, 2021. The 
anticipated recruitment period is 36 months and the 
estimated date of last patient enrolled is September 1st, 
2024. The treatment duration is 1 year, and the follow-up 
period is 61 months, including screening. There are 
three study arms with patient ratio 1:1:1 (ExPlas, Octa-
plasma, saline), stratified by APOE genotype. Electronic 
randomisation, provided by the Unit for Applied Clinical 
Research at Norwegian University of Science and Tech-
nology (NTNU), ensures that allocation of patients to a 
treatment group is random. Electronic randomisation is 
conducted by the blinded ExPlas study nurse. The results 
of the randomisation are not visible to any member of the 
study team. An automated message on each patient allo-
cation is sent directly to the study nurses who undertake 
transfusions. The flow chart of the ExPlas study is given 
in figure 1.

Settings and participants - plasmapheresis, cardiopulmonary 
testing and physical activity (donors)
Exercised plasma collected by plasmapheresis from male 
donors who have not themselves received plasma will be 
used in the study. The rationale for these selection criteria 
is that women may have developed antibodies during 
pregnancies and men may have developed antibodies 
during plasma transfusions. Thus, this selection reduces 
the risk of antibody-induced transfusion complications. 
All donors have been recruited from the existing donor 
corps at the St. Olavs University Hospital Blood Bank. 
Donors must fulfil all requirements in the Norwegian 
laws and guidelines for blood donors. Potential donors 
will perform a cardiopulmonary exercise test to voluntary 
exhaustion on a treadmill (PPS55 Med, Woodway GmbH, 
Germany) with continuous gas and minute ventilation 
analysis using the Cortex MetaMax II (Cortex Biophysik 
Gmbh, Leipzig, Germany). The individualised steady-
state test protocol starts at a speed and inclination that 
will be defined during a 15-min warm-up. The first stage 
of the test will be held for 3 min, or longer until steady 
state is reached. Thereafter, speed is increased by 1 km/h 
every minute until maximal oxygen uptake is reached, 
defined as flattening of oxygen uptake despite increased 
workload. Test procedure has been described in detail 
previously.41 The first plasma donation will be performed 
within 1 month after the cardiopulmonary test. To ensure 
that the donors sustained a high physical activity level 
after the test and in between the four donations (within 
4 months from first donation), they are equipped with 
a wristworn heart rate monitor (Huami GTS2, Huami 
North America, Irvine, CA, USA) and required to have 
a physical activity level above 100 weekly Personalised 
Activity Intelligence points, to sustain a high maximal 

Figure 1  Flow chart of the ExPlas study. Infusion solution, Sodium Chloride 0.9% (Saline); fMRI, functional MRI; US, 
ultrasound of the heart.
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oxygen uptake, as described in detail elsewhere,42 using 
the Zepp mobile Application downloaded from Apple 
Store or Google Play.

Donor inclusion criteria
	► Healthy male donors
	► Age 18–40 years
	► BMI ≤27 kg/m2

	► Maximal oxygen uptake(VO2MAX) ≥55 mL/kg/min
	► Already an approved donor at the St. Olav’s University 

Hospital Blood Bank

Donor exclusion criteria
	► Injury or other incident preventing regular exercise 

during the last month
	► Previous recipient of blood transfusion
	► VO2MAX ≤55 mL/kg/min
Several aspects regarding donors were considered in 

the planning of the study. Particularly age and required 
fitness level have been up for thorough discussions. Our 
idea is that we believe, although not ever studied, that 
‘exercised plasma’ may confer additional benefit to the 
brain compared with young plasma only. Thus, the point 
of departure was that we wanted the donors to have a 
fitness level (maximal oxygen uptake) that is regarded as 
‘fit’, and not be ‘classified’ as old. We regard 40 years of 
age to be a relatively young age, and we, therefore, chose 
to require donors to be below the age of 40 and have a 
maximal oxygen uptake above 55 mL/kg/min, which is 
above the average for a 20-year-old man in Norway.41

Settings and participants - patients
Patients are recruited from the Department of Neurology 
or Geriatrics out-patient clinics at St. Olavs University 
Hospital, and from the Department of Geriatric psychi-
atry, Levanger Hospital, both Norway. The diagnostic 
work up of the patient will decide if the patient is eligible 
for inclusion. Eligible patients who sign informed consent 
to join the study go through a further screening and are 
evaluated regarding the defined inclusion and exclusion 
criteria.

Patient inclusion criteria
	► Signed informed consent
	► Age up to 75 years
	► Diagnosis AD in early phase according to the IWG-2 

criteria43

	► Decreased Aβ42 together with increased t-tau or p-tau 
in CSF

	► Increased tracer retention on amyloid Positron Emis-
sion Tomography (PET)

	► MMSE Score ≥20
	► Availability of a next of kin who knows the patient well 

and is willing to accompany the subject to all trial visits 
and to provide information about the patient’s func-
tional level

	► The patient is judged fit for participation, and 
capable of taking part in the treatment and follow-up 
procedures

	► Ability to communicate in Norwegian or another 
Scandinavian language

Patient exclusion criteria
Patients will be excluded from the study if they meet any 
of the following criteria:

	► Pregnancy or unwilling to use adequate birth control 
for the duration of and 6 months beyond study 
participation Defined according to Clinical Trial 
Facilitation Group document ‘Recommendations 
related to contraception and pregnancy testing in 
clinical trials’

	► Positive for Hepatitis B, Hepatitis C or HIV at screening
	► Lack of competency to provide informed consent at 

inclusion
	► Any other condition judged to interfere with the safety 

of the patient or the intent and conduct of the study

Related to medical history
	► Stroke
	► Anaphylaxis
	► Prior adverse reaction to any human blood product
	► Any history of a blood coagulation disorder or 

hypercoagulability
	► Congestive heart failure, defined as any previous 

heart failure hospitalisation, or current symptomatic 
heart failure in New York heart Association class ≥II 
with reduced, mid-range or preserved ejection 
fraction.

	► Coagulation defect or hypercoagulopathy
	► Uncontrolled hypertension
	► Renal failure
	► Prior intolerance to intravenous fluids
	► Recent history of uncontrolled atrial fibrillation
	► Bone marrow transplant
	► IgA deficiency
	► Severe protein S deficiency
	► Thrombocytopenia (platelets <40 x 109 /L)
	► Contraindication for Octaplasma

Related to medications or other treatments
	► Any concurrent use of anticoagulant therapy, clopi-

dogrel or acetylsalicylic acid/dipyridamole in 
combination

	► Initiation or change in the dosage of a acetylcholine 
esterase inhibitor (AChEI) or memantine during 
the trial (weeks 0–52). Participants will be urged to 
start on AChEI when diagnosis is communicated, and 
must be on a stable dose for at least 1 month prior to 
screening

	► Concurrent participation in another treatment trial 
for AD. If there was prior participation, the last dose 
of the investigational agent must have been given at 
least 6 months prior to screening, except if the patient 
received placebo medication

	► Prior or concurrent participation in amyloid anti-
body trials, except if the patient received placebo 
medication
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	► Treatment with any human blood product, including 
intravenous immunoglobulin, during the 6 months 
prior to screening or during the trial

	► Concurrent daily treatment with benzodiazepines, 
typical or atypical antipsychotics, long-acting opioids 
or other medications that are judged to interfere 
with cognition. Intermittent treatment with short-
acting benzodiazepines or atypical antipsychotics may 
be permitted, provided that no dose is administered 
within 72 hours prior to cognitive assessment

Related to MRI
	► Claustrophobia
	► Any metallic surgical implant, like a pacemaker or 

chip incompatible with MRI
Certain metallic implants like joint prostheses may be 

permitted, provided that specific manufacturer specifica-
tions are available, and that the device is known to be safe 
for 7T MRI. In case a patient is not eligible for the 7T 
scanner, the 3T scanner will be used

TREATMENT AND EXAMINATIONS
The main study consists of six rounds of examinations in 
addition to plasma transfusions, mainly during the time 
span of 1 year, and once 2 years after baseline. A follow-up 
visit is also planned 5 years after baseline.

Treatment
For this study, ExPlas (plasma from fit donors) and Octa-
plasma are defined as Investigational Medicinal Products. 
ExPlas is plasma drawn by plasmapheresis once a month 
for 4 months, from a total of 30 donors (aged 18–40, BMI 
≤27 kg/m2 and VO2max >55 mL/kg/min). All units will be 
virus inactivated by the Intercept method (CERUS corpo-
ration, USA), in accordance with the instructions from 
the manufacturer and the procedures at the Blood Bank 
at St. Olavs University Hospital.

Octaplasma is human-pooled plasma produced by 
Octapharma (Lachen, Switzerland). The rationale for 
including Octaplasma is to separate the effect of ExPlas 
from the ‘general untrained’ plasma pooled from thou-
sands of donors (relatively young men). Placebo for this 
study is isotonic saline (0.9% sodium chloride) (Fresenius 
Kabi, Halden, Norway). Comparison with isotonic saline 
allows differentiation from a non-blood product. ExPlas 
and Octaplasma are stored at ≤−18°C until the time of 
transfusion. The transfusion volume will be 200 mL at 
every time point for all three treatments.

Cognitive test battery
All tests will be undertaken at baseline, weeks 24, 52 and 
104 after inclusion, and performance at all time points 
will be evaluated against baseline values.

CERAD 10-word test will be used as a measure of objec-
tive evidence of an amnestic syndrome of the hippo-
campal type.44

Mini-Mental State Examination Score - (MMSE-NR-3) 
will be used as a screening tool for cognitive function.45 
The test consists of standardised questions within five 
areas: orientation for time and place, short-term memory, 
attention, short-term recall and language. The test may 
help to evaluate degree of cognitive impairment. The 
maximum score is 30.46

Trail-Making test A and B - (TMT-NR3) will be used to 
measure visual attention, processing speed and executive 
function.47 48

Clock Drawing Test is a cognitive screening tool and 
will be used as a supplement for examining visuospatial 
function and executive function.49

The Controlled Oral Word Association Test 
(COWAT)-FAS will be used to measure verbal fluency and 
executive function.50 51

Visual Object and Space Perception Battery (VOSP) 
Visuospatial abilities will be evaluated with the silhou-
ettes test from the VOSP . The test also assesses semantic 
memory and name retrieval.52 53

Clinical Dementia Rating Scale (CDR) is a clinical 
scale for the staging of dementia. The participant is 
rated from 0 to 3 on six cognitive and behavioural cate-
gories: memory, orientation, judgement and problem 
solving, community affairs, home and hobbies and 
personal care. The Global score is calculated according 
to an established algorithm, where memory is consid-
ered the primary category and all others are secondary 
categories. A global score of 0 equals no dementia, 0,5 
questionable dementia, 1 mild dementia, 2 moderate 
dementia and 3 severe dementia.54 55 The Sum of Boxes 
score is a continuous measure of dementia severity and 
ranges from 0 to 18. The CDR Sum of Boxes are found 
to be adequate for use in prodromal AD and continued 
use is warranted and recommended in clinical trials 
because it is continuous and provides a greater varia-
tion in values.46 Both the CDR-Global score and Sum of 
Boxes will be calculated.

The Lawton Instrumental Activities of Daily Living Scale (IADL).
This IADL scale evaluates eight items, related to complex 
everyday activities, and each can be scored 0 that equals 
‘dependent’ and one that reflect ‘completely indepen-
dent’. Change from 0 to 1 in any of the eight items is 
considered a ‘clinically relevant change’.56

Unified Parkinson’s Disease Rating Scale (UPDRS)
The motor examination part of UPDRS will be used 
to detect development of parkinsonian motor signs, 
such as tremor, rigidity, bradykinesia and postural-gait 
abnormalities.57

The 6-minute walk test
Fitness level will be measured using the 6-minute walk-
test which is a good alternative to direct measurement of 
VO2max. 58 The 6-minute walk test is considered safer for 
the current patient group than a treadmill test.
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Structural MRI and functional MRI
For increased sensitivity, we will use multiparametric MRI 
at 7T MRI to assess brain structure and function to uncover 
both neurodegenerative and cerbrovasular changes from 
baseline to 1, 2 and 5 years. The 7T protocol consists of the 
following scans: whole brain 3D MP2RAGE, gradient echo 
SWI/quantitative susceptibility mapping and FLAIR, high 
resolution T2-weighted spin echo sequence of the medial 
temporal lobe, multishell DTI, asl FLAIR and rs-fMRI. The 
primary outcomes are hippocampal and entorhinal cortex 
structure ((subfield)-volume/thickness, diffusion character-
istics, T2*-mapping) and function (blood flow, connectivity 
and BOLD signal). Other quantitative measures include 
brain morphometry (eg, parenchymal fraction, at-risk AD 
pattern volume loss), and diffusion metrics in white and grey 
matter. Cerebrovascular pathology (perfusion, white matter 
hyperintensities, perivascular spaces (quantitative from 
mulitshell DTI), microhaemorrhages, microinfarction and 
macroinfarction) will be evaluated. For participants where 
7T is contraindicated, but not 3T, a similar examination will 
take place using 3T.

A secondary aim is to identify any effect of treatment on 
MRI markers of both neurodegenerative and cerebrovas-
cular disease. MRI at 7T allows for a stronger signal and better 
anatomical localisation in less time, but with the stronger 
magnetic field, there are also more contraindications.

Quality of life
Quality of life will be evaluated by the questionnaire SF-36, 
which contains questions about physical and mental health, 
pain, vitality and general health perceptions.59 60

Echocardiography
All patients will undergo echocardiography examination at 
screening and four times during the first year, and potentially 
at the 2 and 5 years follow-up. Screening echo is performed 
to ensure safety of transfusions for patients included in 
the study. Patients with reduced cardiac function will be 
excluded due to risk of developing heart failure triggered 
by fluid overload. Screening echocardiography serve as base-
line for included patients. Following echocardiography will 
be performed at week 5 (1 week after the first 4-week trans-
fusion treatment period), week 20 (before the second treat-
ment period), week 48 (before the third treatment period), 
week 52 (1 week after the final 4- week transfusion treatment 
period) and assumedly at 2 and 5 years follow-up. The echo-
cardiography examination will be a complete examitation 
of cardiac structure and function, including ultrahigh fram-
erate recordings at each time point.

Biomarkers in blood and spinal fluid
Although no single ideal biomarker yet exists for AD, there 
are substances currently considered to be ‘core’ biomarkers 
for AD. According to a landmark paper published in 2017 
from the joint proceedings of the International Working 
Group (IWG) and the American Alzheimer’s Association, the 
most important early indicators of incipient AD are changes 
in two key proteins: reduced amyloid-beta 1–42 (Aβ42) and 

increased total tau protein and hyperphosphorylated tau 
measured biochemically in CSF, or increased deposition of 
amyloid plaque and neurofibrillary tangles of tau protein in 
the brain as shown by PET.61 62 Since PET is very expensive, 
we plan to analyse these substances in CSF. Collected CSF 
and blood will be analysed for established AD risk markers 
(including APOE genotyping in blood and Amyloid Beta 
1–42, Amyloid Beta 1–40, phosphor tau and total tau in 
CSF). Individuals apparently without clinical symptoms of 
cognitive decline but with pathological levels of both these 
biomarkers are considered to have ‘preclinical AD’. If only 
one of the biomarkers is found to have a pathological level, 
the individual is considered to be ‘at risk of AD’ (the differ-
ence being that the individual is only at risk of AD, whereas 
preclinical AD is considered to be an early manifestation of 
the disease itself). In order to better understand the poten-
tial link between the cardiovascular system and the brain, the 
collected blood will also be analysed with respect to cardio-
vascular profile (Albumin, Ferritin, Sodium, Potassium, 
Creatinine, Glucose, ALT, GGT, Cholesterol, Triglycerides, 
HDL, Hs-CRP, NT-proBNP, Troponin, Leukocyte, Trombo-
cyte, Hemoglobin and HbA1c). Some of the biological mate-
rial will be stored for future analysis in the search for new 
biomarkers. For instance, the study team has previously iden-
tified potential ‘fitness-microRNAs’ that could distinguish 
high-fitness and low-fitness individuals.63 In the ExPlas study, 
we aim (as a start) to detect microRNAs that show a signif-
icant change in expression concomitant with ExPlas treat-
ment and examine changes in level in relation to speed of 
AD progression. Unbiased screenings of microRNAs will be 
performed at the NTNU Genomics Core Facility and anal-
ysed together with the NTNU Bioinformatics Core Facility. 
Identification of other circulating factors will be performed 
by gel-free shotgun proteomics analysis. Proteomic RNA 
analyses will be performed at the NTNU Proteomics and 
Modomics Experimental Core Facility and analysed together 
with the NTNU Bioinformatics Core Facility.

Blood sampling procedures
All blood samples will be taken by trained biomedical engi-
neers or nurses. Serum and plasma samples are collected 
by venous puncture using sterile disposable equipment in 
serum-gel, EDTA plasma and lithium heparine tubes. The 
tubes are centrifuged and stored on ice while shipped for 
further handling and analysis. Those not analysed right away 
will be be stored at −80°C (in the established Trønderbrain 
biobank, contact: Geir Bråthen, ​geir.​brathen@​ntnu.​no). 
Blood tests will be taken on seven occasions in addition to 
screening and after 2 years as well as offered 5 years after 
baseline (figure 1).

Spinal puncture procedures
Lumbar puncture will be performed by a neuorolgist. A thin 
needle is inserted into the spinal canal in the lowerback, 
while the patient is lying down on the side. The procedure 
is performed using sterile technique (the area is cleaned 
with chlorhexidine and air dried before inserting the 
needle). The sample is collected directly into polypropylene 
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tubes (used for dementia markers), and stored on ice until 
shipped to further handling. The samples are to be stored at 
−80°C (Trønderbrain biobank, Geir Bråthen) until analysis. 
The sample will be analysed for risk genes and AD-related 
biomarkers. Some portion of the sample will be stored for 
future analysis. Spinal puncture will be performed at base-
line, week 24, week 52, after 2 years and offered 5 years after 
baseline (figure 1). All sample collection, handling and anal-
ysis will be performed in accordance with hospital/labora-
tory standard procedures.

Sample size and statistics
We do not expect that ExPlas will cause more adverse effects 
than Octaplasma, but have made the following consider-
ations about power calculations related to safety. The most 
common reaction to transfusion of Octaplasma is allergy 
and occurs in up to 1% of the elderly. If we consider that 
ExPlas would cause a dramatic increase in allergic reactions, 
of for example, 35% versus 1% after Octaplasma treat-
ment, 19 participants will be needed in each group to show 
significant differences (with alpha 0.05 and power of 0.8). 
There are substantial uncertainties in the assumptions for 
this power calculation. However, considering that another 
study found that transfusing plasma from young donors 
to patients (n=18) with MCI or early AD was safe with no 
adverse events,39 we find it likely that 20 patients in each 
group will be enough to test safety in ExPlas.

The magnitude of a possible treatment effect of ExPlas 
is currently not established. The following information has 
been established: (i) a difference of 2 points on the MMSE 
score primarily between those receiving ExPlas versus Octa-
plasma will be clinically relevant after 1 and 2 years; (ii) 
based on several clinical studies in this population, we expect 
an average MMSE-NR-3 of about 24 in our population, (iii) 
based on previous studies, we expect a SD of MMSE-NR-3 
score of approximately 3. These assumptions suggest that 
17 participants are needed in each group (with alpha 0.05, 
and power 0.8) to demonstrate a clinically relevant effect of 
ExPlas. Given potential dropouts, it is reasonable to include 
20 in each group. The plan is therefore to include 60 patients 
in the study.

For the primary endpoints, counts will be reported and 
compared using recommended methods for analysis of 
contingency tables.57 Secondary and other endpoints will 
be analysed using mixed models with the outcome variable 
as the dependent variable, treatment group, time and their 
interaction as categorical covariates, and patient as random 
effect. In these analyses, we will adjust for the baseline value 
of the outcome variable, as recommended.64 65

Ethics
The study will be performed according to the Declaration 
of Helsinki. Written informed consent will be obtained from 
all participants by the treating neurologist, and participation 
is voluntary. Patients will be insured according to Norwe-
gian regulations for patients involved in medical research (​
npe.​no). The patients’ abilities to keep track of the objec-
tives of the project and assess its relevance will progressively 

deteriorate during the project period. In view of this, all 
participants are required to include a next of kin who will 
follow them throughout the study and represent the patient’s 
interest. The burden from participation, number of tests and 
time points of conducting tests during the study have been 
planned in dialogue with the user board consisting of three 
next of kin of current and previous AD-patients. The study 
is approved by the Regional Committee for Medical and 
Health Research Ethics (REK 2018/702) and the Norwegian 
Medicines Agency (Statens Legemiddelverk, EudraCT No. 
2018-000148-24).

Organisation
The steering committee of ExPlas has developed the study 
protocol and is responsible for overall study management, 
data collection, analyses, publications and the final data 
set.

A safety committee consisting of two clinicians (one neurol-
ogist and one specialist in transfusion medicine) has been 
appointed to ensure the safety of study participants. In case 
of adverse events, the safety committee will evaluate whether 
treatments can continue or must be stopped. A study nurse 
will observe the patients during and for 1 hour after infusion 
and a physician will evaluate the patients in case of adverse 
effects. Neither the safety committee nor the attending 
physician responsible for each infusion are involved in other 
parts of the study and they are not be blinded for the treat-
ment given.

Study monitors
The primary goal of the study monitors is to ensure that 
the site follows the standardised operation procedures 
described for the trial, and to report and manage any devi-
ations that may occur from the investigational plan. The 
ExPlas study has been appointed two study monitors by the 
Unit for Applied Clinical research at NTNU, one who has 
the overall overview of the study, and is blinded to the treat-
ment randomisation, and one who is unblinded. A study 
monitoring plan has been developed and includes regular 
visits by the Clinical Study Monitors, who will check the 
following:

	► Informed consent process
	► Reporting of adverse events and all other safety data
	► Adherence to protocol
	► Maintenance of required regulatory documents
	► Study supply accountability
	► Facilities and equipments (treatment storage and 

manufacturing at the Blood Bank)
	► Data completion on the CRFs including source data 

verification
The monitor will review the relevant CRFs for accuracy 

and completeness and will ask the site staff to adjust any 
discrepancies as required. Sponsor’s representatives (eg, 
monitors, auditors) and/or competent authorities will 
be allowed access to source data for SDV in which case 
a review of those parts of the hospital records relevant to 
the study will be required.
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Data management
The Clinical Data Management System (CDMS) used for 
the electronic case report forms (eCRF) in this study is 
The Unit for Applied Clinical Research at NTNU. The 
setup of the study specific eCRF in the CDMS will be 
performed by The Unit for Applied Clinical Research at 
NTNU. The eCRF system will be FDA Code of Federal 
Regulations 21 Part 11 compliant. The designated inves-
tigator staff will enter the data required by the protocol 
into the eCRF. The Investigator is responsible for assuring 
that data entered into the eCRF is complete, accurate and 
that entry is performed in a timely manner. The signature 
of the investigator will attest the accuracy of the data on 
each eCRF. If any assessments are omitted, the reason for 
such omissions will be noted on the eCRFs. Corrections, 
with the reason for the corrections will also be recorded. 
After database lock, the investigator will receive a digital 
copy of the subject data for archiving at the investiga-
tional site.

The medical records of each patient will clearly describe 
at least:

	► Date when Informed Consent was obtained from the 
patient and a statement that the patient received a 
copy of the signed and dated Informed Consent

	► Results of all assessments confirming a patient’s eligi-
bility for the study

	► Diseases (past and current; both the disease studied 
and others, as relevant)

	► Surgical history, as relevant
	► Treatments withdrawn/withheld due to participation 

in the study
	► Results of assessments performed during the study
	► Treatments given, changes in treatments during the 

study and the time points for the changes
	► Visits to the clinic/telephone contacts during the 

study, including those for study purposes only
	► Non-Serious Adverse Events and Serious Adverse 

Events (if any) including causality assessments
	► Date of, and reason for, discontinuation from study 

treatment
	► Date of, and reason for, withdrawal from study
	► Date of death and cause of death, if available
	► Additional information according to local regulations 

and practice
	► That the patient is participating in the study, by 

including the enrollment number and the study code 
or other study identification

Data management will be performed by the Unit for 
Applied Clinical Research at NTNU (Berit Bjelkåsen). 
The Data management procedures will be performed 
in accordance with the department’s Standard Operat-
incg Procedures and ICH (The International Council for 
Harmonisation of Technical Requirements for Pharma-
ceuticals for Human Use) guidelines. The data manage-
ment process will be described in the study-specific 
data handling plan and the study-specific data handling 
report after database closure. Data entered into the eCRF 
will be validated as defined in the data validation plan. 

Validation includes, but is not limited to, validity checks 
(eg, range checks), consistency checks and customised 
checks (logical checks between variables to ensure that 
study data are accurately reported) for eCRF data and 
external data (eg, laboratory data). A majority of edit 
checks will be triggered during data entry and will there-
fore facilitate efficient ‘point of entry’ data cleaning. Data 
management personnel will perform both manual eCRF 
review and review of additional electronic edit checks to 
ensure that the data are complete, consistent and reason-
able. The electronic edit checks will run continually 
throughout the course of the study and the issues will be 
reviewed manually online to determine what action needs 
to be taken. Manual queries may be added to the system 
by clinical data management or study monitor. Clinical 
data managers and study monitors are able to remotely 
and proactively monitor the patient eCRFs to improve 
data quality. All updates to queried data will be made by 
authorised study centre personnel only and all modifica-
tions to the database will be recorded in an audit trail. 
Once the queries have been resolved, eCRFs will be signed 
by electronic signature. Any changes to signed eCRFs will 
be approved and resigned by the Investigator. Once the 
full set of eCRFs have been completed and locked, the 
Sponsor will authorise database lock and all electronic 
data will be sent to the designated statistician for analysis. 
Subsequent changes to the database will then be made 
only by written agreement. The data will be stored in a 
dedicated and secured area at NTNU. Data will be stored 
in a deidentified manner, where each study participant is 
recognisable by his/her unique trial subject number. The 
data will be stored until 15 years after database lock.

Patients and public involvement
To ensure a high study quality and relevance, a user board 
consisting of three next kin of present and past AD patients 
has been established. As we conduct research on a patient 
group that is considered vulnerable, this board is partic-
ularly important. We have met the user group on several 
occasions while working on the study protocol (first meeting 
in February 2017) and have received input on several 
matters, such as how to ensure a tolerable load of partici-
pation for the individual patient/relatives. The study team 
will continue to consult the user board twice annually 
throughout the study period, on implementation, results 
and future developments. They are encouraged to give their 
opinions regarding the project as a whole and particularly on 
the patients’ well-being. The study group has already made 
changes and adjustments in the planned protocols based on 
feedback from the user board. The study has a user repre-
sentative who participates in meetings and presentations of 
the study to the general public. On initiative from the ExPlas 
user board, we are currently making three information 
videos about ‘AD and participation in research studies’, for 
AD patients and their families, where patients and their next 
of kin tell their story to help new patients and their next of 
kin in the coming process. These videos will also be used in 
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the recruitment phase of the study to inform and motivate 
to take part in ExPlas.

Dissemination
Direct communication with users and patient organisations: 
ExPlas study group regularly present at various meetings of 
patient organisations (such as the National Association for 
Public Health) and for senior citizens’ societies. We plan 
to intensify participation in such meetings to inform about 
current knowledge about prevention and treatment of AD, 
particularly via the established user board. Communication 
via Internet: one of the most important media for spreading 
the news and awareness will be the Internet. The results and 
information (including videos) about the studies will be 
presented on CERG’s webpage (​ntnu.​edu/​cerg), one of the 
most visited sites at Scandinavian universities; and ExPlas’s 
own Norweian webpage (​ntnu.​no/​cerg/​explas). Scientific 
and non-scientific communication: general communication 
activities include publication in open access peer-reviewed 
journals, non-scientific journals and at national and interna-
tional meetings, to reach the general public, patients, scien-
tists and policy makers. Importantly, our group is closely 
linked and active partners in the Norwegian Research 
School in Neuroscience, Physical Activity and Health (master 
programme) and medical education where we actively will 
present our research to the next generation of healthcare 
personnel and scientists. We also have a journalist at CERG 
(Anders Revdal), available for ExPlas, who will be respon-
sible for communication.

DISCUSSION
To the best of our knowledge, ExPlas will be the first study 
with the aim of studying safety and efficacy of transfusion 
of plasma from well-endurance trained donors to patients 
in the early symptomatic phase of AD. Even if prevention 
probably will be the most effective way to reduce the number 
of patients with AD worldwide, a cure for this devastating 
disease which impacts the lives of patients, their families and 
the society as a whole is much needed. There is also a need 
to understand the mechanisms behind the beneficial effects 
of physical exercise on the brain, and so trying to exploit this 
effect in treatment of early phase AD is a logical move.

On June 7th, 2021, the US Food and Drug Adminis-
tration approved aducanumab (marketed as Aduhelm) 
for use in treatment of AD,66 due to its ability to reduce 
amyloid plaques in the brain, under an accelerated approval 
pathway.67 Confirmation of the clinical benefit is still required 
for it to be confirmed for continued approval.66 Indepen-
dent of the usefulness of aducanumab in AD therapeutics, 
other interventions capable of delaying the clinical onset 
of AD dementia should be studied continously. The find-
ings from preclinical AD models,36–38 68 and a small clinical 
trial39 clearly indicate that there is communication between 
the systemic environment and the hippocampus. Systemic 
factors are capable of inducing changes, and even yield ther-
apeutic effects, in the brain without hindrance by the blood-
brain barrier; potentially an effective strategy to reverse 

neurodegeneration in the AD-brain.30 There are myriads of 
factors and processes that are set in motion during and after 
exercise training, and much of this is reflected in the compo-
sition of the blood.34 Thus, it is not likely that it is a single 
factor orchestrating the beneficial effects of exercise, but 
rather an interplay between several molecular factors that 
need to be discovered and understood to allow for develop-
ment of first-generation exercise-mimicking drugs. This is a 
promising idea as a large population of patients are simply 
unable to exercise, such as patients in the intensive care 
unit, the critically ill, patients recovering from accidents, the 
morbidly obese and paralysed patients. For these patients, 
innovative exercise-mimicking therapies could be of benefit.

However, development of exercise-mimicking therapies 
is a very complex and time-consuming undertaking, that 
should not delay the testing of a potential benefit of exercise-
trained plasma, with most of its natural components, on safety 
and therapeutic effect in patients with AD. In the context 
of lack of disease-modifying treatments, ExPlas is innovative 
and potentially groundbreaking if it is found to be safe with 
few side effects and with similar promising results as seen in 
preclinical AD models.35–38

Another key question is at what stage of AD interven-
tions such as ExPlas treatment can be expected to have 
an effect. Today we know that AD-related changes in the 
brain are present 10–30 years before clinical symptoms. 
The optimal time window for treatment is probably as 
early as possible during this period, to decelerate or stop 
the progressive loss of neurons before functions are lost. 
As in all diseases, prevention will always be the optimal 
path. Depending on the outcomes in the ExPlas study, a 
natural next step may be treatment with ExPlas of patients 
in the preclinical phase of the disease.61

A small clinical trial found that plasma from young 
donors (young blood) transfused to patients with mild to 
moderate AD dementia (MMSE score ranging from 12 to 
24) was safe with no adverse events and possibly beneficial 
with improvement in functional activity. In this study, 9 
patients were randomised to a cross-over cohort, receiving 
four once-weekly infusions of either 250 mL of plasma 
from male donors (aged 18–30 years) or 250 mL of saline, 
followed by a 6-week washout and crossover to four once-
weekly infusions of the alternate treatment. In addition, 9 
patients were included in an open-label design in which 
patients received four once-weekly infusions of only young 
plasma. Considering the low number of patients, short 
follow-up period and promising findings in the study by 
Sha et al,39 there is reason to believe that transfusion of 
exercise-trained plasma also is safe. With increased treat-
ment periods and extended follow-up, we believe that the 
ExPlas study is well designed also to evaluate the potential 
therapeutic effect of exercise-trained plasma. The rela-
tively large number of patients will also likely enable us to 
assess whether endpoints become differentially affected 
by APOE 4 status. As the ExPlas study is the first of its kind, 
it is not straightforward to undertake power calculations, 
and the results of our study may be useful for planning an 
appropriately sample sized study in the future.
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We expect the ExPlas study to give new knowledge about 
whether transfusion of plasma from exercise-trained 
donors is safe and indications on whether it has thera-
peutic effects. ExPlas will also contribute to pioneering 
the discovery of molecular targets to potentially treat 
AD and lay the foundation for first-generation exercise-
mimicking drugs, by capturing the molecular signature 
of high-fitness and molecular mechanisms provided by 
exercise.
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