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Muscle loss is common

Up to 20% muscle mass in
10 days in MV patients
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Muscle loss is common

Up to 20% muscle mass in

Muscle wasting is a major driver of ICU
10 days in MV patients

acquired weakness, impacting recovery
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Dietary protein stimulates muscle protein synthesis

* ¥55% of dietary protein-derived
amino acids become available in the
circulation

 ~20% of that is taken up in skeletal
muscle tissue

Groen, PLOS One, 2015
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American: European:
1.2 — 2.0 g/kg/day 1.3 g/kg/day

Health: 0.75 g/kg/day




Expert opinion/very low quality of evidence

American: European:

GRADE recommendation: There Strength of GRADE

was no difference in clinical recommendation: Weak

outcomes in the relatively limited

data. Because of a paucity of trials 25) During critical illness, 1.3 g/kg protein equivalents per day_
with high-quality evidence, we can be delivered progressively.

darnotmake e (R22, updated, Grade 0, strong consensus, 92%)

recommendation at this time
beyond the 2016 guideline
suggestion for 1.2-2.0 g/kg/day.




Increased use of higher protein formula
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e Greater prescription of higher
protein formulae from 2018 to
2020



Protein delivery in mechanically ventilated adults in Australia
and New Zealand: current practice
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* Prospective observational study to quantify current protein delivery
e 120 critically ill patients
e 5 |CUs in Australia / New Zealand

 Mean protein prescription: 1.46 g/kg IBW/day
 Mean protein delivery: 0.88 g/kg IBW/day

Murthy et al. Crit Care Resusc, 2021 IBW= ideal body weight
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TARGET Protein Feasibility: Primary outcome

Difference in mean (SD) protein delivered from
trial EN:

* Augmented protein: 1.52 (0.52) g/kg IBW/day
e Usual care protein: 0.99 (0.27) g/kg IBW/day
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g/kg/day) and international recommendations
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TARGET Protein Feasibility

Providing a very high protein formula (100 g/L)
can achieve protein doses within international
recommendations

.- A definitive RCT is required before benefit or
harm can be demonstrated
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Objective

To determine if augmenting dietary protein to critically ill adult patients
when compared to usual care will increase the number of days alive and
out of hospital censored at day 90



METHODS



Study design

* Cluster randomised, cross-sectional, double cross-over, registry-embedded,

pragmatic clinical trial

Group 1
(4 1CUs)

Cluster Period 1

Intervention

(Augmented dietary protein)

Cluster Period 2

Cluster Period 3

Control
(Usual dietary protein)

Randomisation

Group 2
(4 1CUs)

Control
(Usual dietary protein)

Month 1to 3

Intervention

Month 4 to 6

(Augmented dietary protein)

Cluster Period 4

Intervention
(Augmented dietary protein)

Control
(Usual dietary protein)

Month 7 to 9

Control
(Usual dietary protein)

Intervention
(Augmented dietary protein)

Month 10 to 12




Sites

3 sites:
* Austin Hospital, Vic

* Royal Adelaide Hospital, SA .E_ = .i
* Royal Melbourne Hospital, Vic - =.
e Royal Prince Alfred Hospital, NSW 3}'_'_7* R |
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b
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e Sunshine Hospital, Vic

* The Queen Elizabeth Hospital, SA
e University Hospital Geelong, Vic
* Wellington Regional Hospital, NZ

N
)
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Trial participants

Inclusion criteria:

All patients aged >16 years of age were eligible if they were:
 About to commence enteral nutrition on their index admission to ICU, or
* Prescribed enteral nutrition for the first time in ICU during a subsequent ICU admission in

the index hospital admission

Exclusion criteria:

* The treating clinician considered the trial formula to be contraindicated
* The patient had received greater than 12 hours of non-trial enteral formula
 The patient had previously participated in TARGET Protein Trial



Ethical considerations

* Approved by Central Adelaide Local Health Network Human Research
Ethics Committee

e Consent model:

* Full waiver for consent (Australian sites)
* |nitial waiver and consent to continue (New Zealand sites)

* Trial registration at ANZCTR: ACTRN12621001484831 =
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Intervention
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Protein Plus
1.25 kcal/mi
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Protein Plus
Calories: 1.25kcal/ml
Protein: 63g/L

e During each cluster the whole ICU used as their
standard formula (open label) either:

e Usual care: Nutrison Protein Plus (Protein:
63g/L)

* Augmented protein intervention: Nutrison
Protein Intense (Protein: 100g/L)

Protein Intense
Calories: 1.26kcal/ml
Protein: 100g/L



Study procedures

* Following the treating clinician’s decision to commence EN, the participant
received the trial EN formula to which the ICU was randomised in that
period

 All other aspects of nutrition management (feeding regimen, goal feed rate,
management) according to individual site practice

* Trial EN was delivered when clinically indicated up to 90 days, or until the
patient was discharged from ICU or died



Data collection

e Screening data — all patients that commenced EN in ICU

* Baseline patient characteristics and outcome data
e Data collected as a part of the Australian New Zealand Intensive Care Society
Adult Patient Database (ANZICS APD)
* Daily data:
e Volume of trial EN delivered: Day 1-5, Day 10, Day 20, Day 30, Day 90
e Biochemistry data (Urea, Albumin, Phosphate, BGL): Day 1, 5, 10
* Primary outcome:

e Last known patient status
e Data linkage to the National Death Index for mortality



Trial compliance

Trial enteral formula delivery audit

* Conducted every 6 weeks:
* Mid-cluster
e At cluster changeover
e At trial completion

* Checked actual type of enteral formula at the bedside on audit day
* Compared to trial EN assighed



Adverse Events and Serious Adverse Events

Adverse events:

* Any untoward medical occurrence

* Collected from commencement of trial EN until 48 hours post-cessation

Serious adverse events:

* Any event that results in death or is life-threatening
* Mesenteric ischaemia and abdominal compartment syndrome
* Reported up to day 90 post-trial enrolment



Primary outcome

Number of days free of the index hospital and
alive at day 90

N\ TARGET

Protein
Trial




Secondary outcomes

1
2
3
4
5

6
-
3

. Days free of the index hospital and alive at day 90 in survivors

. Alive at day 90

. Duration of invasive ventilation (hours)

. Duration of admission to ICU (days)

. Duration of admission to hospital (days)

. Tracheostomy during index hospitalisation

. New RRT commenced during index ICU admission after EN commencement

. Discharge destination



Sample size calculation

8 ICUs enrolling ~80 patients per 3-month period, 2560 patients gives 90% power
(alpha = 0.05) to find a mean difference of one day for the primary outcome

Recruitment goal increased by 15% to allow for likely skewed distribution of data,
~3000 patients should provide 90% power

Assumptions:

— SD for primary outcome 11.3 days (from TARGET Calories)
— Exchangeable correlation structure

— Coefficient of variation for cluster size = 0.5

— Intraclass correlation = 0.02

Four clusters, recruiting 260 patients per cluster period, provides >80% power to detect
a two-day difference in the primary outcome




Analysis — Primary outcome

Number of days free of the index hospital and alive at day 90

* Quantile mixed effects model fitted to compare the median (0.5 quantile) response
between groups

* Fixed effects: Treatment group, period (1-4), delayed start (Group 1 vs Group 2)

 Random effect: ICU; assumed to be normally distributed

e Effect of treatment comparisons presented as a difference in medians (95% Cl)



Sub-group Analyses — Primary outcome

* All sub-group analyses assessed heterogeneity of treatment effect for
each of the below conditions:
1. Mechanical ventilation (no/yes)
2. Aged > 70 years vs <70 years
3. BMI > 35kg/m? vs <35 kg/m?
4. AKl prior to trial EN commencement (no/yes)

* Assessment of credibility for heterogeneity of treatment effect was
conducted using ICEMAN in RCTs



TARGET Protein

Paint prevalence Feasibility study recruitment PRECISe
Chapple, AuCC Chapple, JPEN May 2022 - Aug 2023 Lancet
2017 2018 2020 2021 2022 2023 2024 2025
Systematic review Systematic review Observational study TARGET Protein
Davies, CCR Fetterplace, JPEN Murthy, CCR publication, JAMA
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Enrolment

Participants enrolled between 23 May 2022 to 23 August 2023

8 Intensive care units {ICUs) in Australia and New
Zealand invited to participate and randomized

1

1

4 ICUs randomized to provide the following sequence of alternating
3-mo blocks of treatment:

Period 1: Usual protein (comparator) initial treatment

Period 2: Augmented protein (intervention) first crossover treatment
Period 3: Usual protein (comparator) second crossover treatment
Period 4: Augmented protein (intervention) third crossover treatment

4 ICUs randomized to provide the following sequence of alternating
3-mo blocks of treatment:

Period 1: Augmented protein (intervention) initial treatment

Period 2: Usual protein (comparator) first crossover treatment

Period 3: Augmented protein (intervention) second crossover treatment
Period 4: Usual protein {(comparator) third crossover treatment

4 ICUs implemented feeding treatments

1429 Patients 216 y reguiring enteral nutrition
assessed for eligibility

4 ICUs implemented feeding treatments
2170 Patients 216 y requiring enteral nutrition
assessed for eligibility

T ¥

T ¥

683 Patients screened when 746 Patients screened when
ICU randomized to augmented ICU randomized to usual
protein protein

1130 Patients screened when 1040 Patiemts soreened when
ICU randomized to augmented ICU randomized to usual

protein protein




Enrolment

33 Excluded
20 Trial enteral nutrition
contraindicated
9 Received nontrial -

onberal nutrition
=12 h

4 Previously enrolled

43 Excluded
32 Trial enteral nutrition
contraindicabed

5 Received nontrial

enteral nutrition
=12 h

& Previously enrolled

87 Excluded
40 Trial enteral nutrition
contraindicated
41 Received nontrial

enteral nutrition
=12 h

6 Previously enrolled

25 Excluded
22 Trial enteral nutrition
contraindicated
3 Received nontrial

enteral nutrition
=12h

i

F

L

1043 Randomized to augmented

protein group

12 Excluded due to
withdrawal of consent
for retention of data

FrE—

¥

1015 Randomized to usual
protein goup

2 Excluded due to
e withdrawal of consent
for retention of data

r

650 Randomized to augmented protein
group and included in primary
outcome analysis

703 Randomized to usual protein
group and included in the

primary outcome analysis

1031 Included in primary outcome

analysis

1013 Included in primary outcome
analysis

v

T

1681 Included in the augmented protein group in the primary outcome analysis

1716 Included in the usual protein group in the primary outcome analysis
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Baseline characteristics

Augmented Usual
Protein Protein
(n=1681) (n=1716)
Male Sex [n (%)] 1,070 (64%) 1,087 (63%)
Age, years 61 (48, 70) 61 (48,71)
APACHE Il score at ICU admission 19 (15, 24) 19 (14,25)
Weight, kg 80 (68, 94) 80 (67, 97)
Body Mass Index *, kg/m? 28 (24, 33) 28 (24, 32)
|deal body weight *, kg 66 (57, 73) 66 (57,73)

*Data are median (IQR) unless otherwise stated
* data from n=2,618



Baseline characteristics

Augmented Usual
Protein Protein
(n=1681) (n=1716)

ICU admission [n]
Non-Surgical (Medical)
Emergency Surgical
Elective Surgical

1,068 (64%)
379 (23%)
234 (14%)

1,100 (64%)
361 (21%)
255 (15%)

ICU admission diagnosis category [n]

Neurological 374 (22%) 350 (20%)
Respiratory 325 (19%) 360 (21%)
Cardiovascular 300 (18%) 310 (18%)
Trauma 204 (12%) 209 (12%)
Gastrointestinal 168 (10%) 190 (11%)
Other 162 (10%) 163 (9%)
Sepsis 148 (9%) 134 (8%)

Invasive ventilation at trial EN commencement|[n]

1,385 (82%)

1,355 (80%)



Trial nutrition delivery

Augmented Usual
Measure, Median (IQR) Protein Protein

(n=1681) (n=1716)
Time from ICU admission to trial enteral formula 199, 38) 19 (10, 40)

commencement, hours

Duration of trial nutrition, hours 87 (36, 187) 84 (34, 182)



Trial nutrition delivery

Total protein from trial antaral nutriton {gramsiday)

Protein (g/day)

300
- Augrmented Protein

El Usual Protein
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Trial nutrition delivery

(kcal/day)
:

al nutrition

Total calories from trial enter

:

:

Energy (kcal/day)

Tral Day

Mt ol

p,,g_n 1850 1584 1220 1005 00
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Trial nutrition delivery

Protein (g/kg IBW/day)

* Augmented Protein
B3 usual Protein

Augmented Protein:
1.33(0.88, 1.78) g/kg IBW/day

from trial enteral nutrition (gramshg IBW/day)

Total protein

------------------------------

*Excluding day 1



Protocol deviations

Protocol deviations Augmented Usual
Protein Protein
(n=1681) (n=1716)
Clinical decision 92 (5.5%) 64 (3.7%)
Error on subsequent EN administration 34 (2.0%) 17 (1.0%)

Error at initial commencement of EN 11 (0.7%) 10 (0.6%)




Trial compliance

Audit Period
Mid-cluster Cluster Trial completion Total
crossover
Audit EN Type, n (%)

Correct trial EN 188 (64) 153 (68) 35(67) 376 (66%)
Alternate trial EN 0 (0) 2 (0.9) 2 (3.8) 4 (0.7%)
Other EN 15(5.1) 5(2.2) 1(1.9) 21 (3.7%)
Not receiving EN 88 (30) 64 (29) 14 (27) 166 (29%)
(fasted, no longer
required, etc.)
Missing audit EN 1(0.3) 0 (0) 0 (0) 1 (0.2%)

Total 292 (100) 224 (100) 52 (100) 568 (100%)




Trial compliance

Audit Period
Mid-cluster Cluster Trial Total
crossover completion
Audit EN Type, n (%)
Correct trial EN 188 (64) 153 (68) 35(67) 376 (66%)
Alternate trial EN 0 (0) 2 (0.9) 2 (3.8) 4 (0.7%)
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Total 292 (100) 224 (100) 52 (100) 568 (100%)




Trial compliance

Audit Period
Mid-cluster Cluster Trial Total
crossover completion
Audit EN Type, n (%)
Correct trial EN 188 (64) 153 (68) 35(67) 376 (66%)
Alternate trial EN 0 (0) 2 (0.9) 2 (3.8) 4 (0.7%)
Other EN 15 (5.1) 5(2.2) 1(1.9) 21 (3.7%)
Not receiving EN 88 (30) 64 (29) 14 (27) 166 (29%)
(fasted, no longer
required, etc.)
Missing audit EN 1(0.3) 0 (0) 0 (0) 1 (0.2%)
Total 292 (100) 224 (100) 52 (100) 568 (100%)




Trial compliance

Audit Period
Mid-cluster Cluster Trial Total
crossover completion
Audit EN Type, n (%)
Correct trial EN 188 (64) 153 (68) 35(67) 376 (66%)
Alternate trial EN 0 (0) 2 (0.9) 2 (3.8) 4 (0.7%)
Other EN 15 (5.1) 5(2.2) 1(1.9) 21 (3.7%)
Not receiving EN 88 (30) 64 (29) 14 (27) 166 (29%)
(fasted, no longer
required, etc.)
Missing audit EN 1(0.3) 0 (0) 0 (0) 1 (0.2%)
Total 292 (100) 224 (100) 52 (100) | 568 (100%) |




Adverse/Serious Adverse Events

* 4 adverse events
* 3 inaugmented protein group — 1 x elevated urea, 2 x Bacillus Cereus
infection
e 1 in usual protein group —1 x Campylobacter infection

e 2 serious adverse events
* 1in augmented protein group - Bacillus Cereus infection
* 1 in usual protein group - Mesenteric Ischaemia
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PRIMARY OUTCOME

Number of days free of the index hospital and alive at day 90




Primary outcome

Number of days free of the index hospital and alive at day 90

Augmented Usual Median Difference p-value Intracluster

Analvsis model Protein Protein (95% Cl) correlation

Y (n=1681) (n=1716) coefficient
Quantile mixed 62 (0.0, 77) 64 (0.0, 77) -1.97 (-7.24, 3.30) 0.464 0.004

model

Augmented protein = 62

: * d
0 0

More free days = better outcome

v



Primary outcome

Number of days free of the index hospital and alive at day 90

Augmented Usual Median Difference p-value Intracluster

Analvsis model Protein Protein (95% Cl) correlation

Y (n=1681) (n=1716) coefficient
Quantile mixed 62 (0.0, 77) 64 (0.0, 77) -1.97 (-7.24, 3.30) 0.464 0.004

model

Augmented protein = 62

: * d
0 0

More hospital-free days = better outcome

v
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Secondary outcomes

Augmented Protein Usual Protein Effect estimate
(n=1681) (n=1716)

(95% Cl)
Days free of the index 72 (57, 80) 72 (59, 80) Median Difference: 0.995
hospital at day 90 in

' 0.01(-1.94, 1.96)
survivors




Secondary outcomes

Augmented Protein Usual Protein Effect estimate
(n=1681) (n=1716) (95% Cl)
Days free of the index 72 (57, 80) 72 (59, 80) Median Difference: 0.995
hospital a’F day 90 in 0.01(-1.94, 1.96)
survivors
Alive at day 90, n (%) 1221 (72.6) 1269 (74.0) Risk Ratio: 0.47

0.99 (0.95,1.03)




Secondary outcomes

Augmented Protein Usual Protein Effect estimate
(n=1681) (n=1716) (95% Cl)
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Augmented Protein Usual Protein Effect estimate
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hosp|tala’F day 90 in 0.01(-1.94, 1.96)
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Secondary outcomes

Augmented Protein Usual Protein Effect estimate
(n=1681) (n=1716)

72 (57, 80) 72 (59, 80)

(95% Cl)
Median Difference:

Days free of the index
hospital at day 90 in

0.01(-1.94, 1.96)

survivors
Alive at day 90, n (%) 1221 (72.6) 1269 (74.0) Risk Ratio: 0.47
0.99(0.95, 1.03)
Duration of invasive 84.0(35.0,178.9) 78.0(33.2,161.0) Mean Difference: 0.17

ventilation, hours 6.8 (-3.0, 16.5)

Duration of admission to 6.6 (3.1,18.0) 6.2 (3.0,15.0) Hazard Ratio: 0.04
ICU, days 0.93 (0.88, 1.00)
Duration of admission to 21.4(10.2, 80.0) 21.1(10.1, 68.9) Hazard Ratio: 0.15

hospital, days 0.96 (0.90, 1.02)

Risk Ratio: 0.57

Tracheostomy during index 134/1681 (8.0)
hospitalization, n (%)

121/1716 (7.1)
1.15(0.66,2.01)

New kidney replacement 122/1681 (7.3) Risk Ratio: 0.69

therapy, n (%)

127/1716 (7.4)
0.97(0.81, 1.16)




Secondary outcomes

Discharge destination

. L Augmented Usual
Discharge destination, n . .
(%) Protein Protein
(n=1681) (n=1716)
Died 378/1681 (23%) 380/1716 (22%)
Home 634/1681 (38%) 723/1716 (42%)

Other Hospital ICU

27/1681 (2%)

23/1716 (1%)

Other Acute Hospital

321/1681 (19%)

306/1716 (18%)

Rehabilitation

244/1681 (15%)

215/1716 (13%)

Long Term Care

61/1681 (4%)

49/1716 (3%)
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Sub-Group Analysis for Primary Outcome

Mechanical Ventilation

Augmented Protein

Usual Protein

No. of Effect estimate Interaction
. Median (IQR No. of patients Median (IQR
patients edian (IQR) 0. orpatien edian (IQR) (95% Cl) p-value
No 296 69 (46, 81) 361 67 (34, 77) 2.7 (-5.2, 10.6) 0.023
Yes 1,385 60 (0, 76) 1,355 63 (0, 77) -3.4 (-9.6, 2.8)
Favors : Favors
usual : augmented
protein - protein
No =
Yes 2
-15 -iO -IS 6 é 110 1l5

Median difference (95% Cl)



Sub-Group Analysis for Primary Outcome

Mechanical Ventilation

Augmented Protein

Usual Protein

No. of Effect estimate Interaction
Medi IQR No. of patients Medi IQR
patients edian (IQR) 0. orpatien edian (IQR) (95% Cl) p-value
No 296 69 (46, 81) 361 67 (34, 77) 2.7 (-5.2, 10.6) 0.023
Yes 1,385 60 (0, 76) 1,355 63 (0, 77) -3.4 (-9.6, 2.8)
I X I
| I
| Very low credibility Low credibility Moderate credibility High credibility |

Very likely no effect modification
Use overall effect for each
subgroup

Likely no effect modification
Use overall effect for each
subgroup but note remaining
uncertainty

Likely effect modification
Use separate effects for each
subgroup but note remaining

uncertainty

Comment: - . e L
Deemed very low credibility of effect modification

Very likely effect modification
Use separate effects for each
subgroup

Very low credibility



Sub-Group Analysis for Primary Outcome

Aged > 70 years

Augmented Protein Usual Protein

Effect estimate (959 Int ti
No. of patients ~ Median (IQR)  No. of patients ~ Median (IQR) ect estimate (95%  Interaction

Cl) p-value
<70vyears 1,231 65 (0-78) 1,211 67 (24-79) -3.0 (-8.5, 2.5) 0.106
>70 years 450 54 (0-75) 505 51 (0-73) 0.9 (-9.0, 10.7)

Favors | Favors
usual : augmented
protein : protein

<70 =
>70 I

-15 -10 -5 0 5 10 15
Median difference (95% Cl)




Sub-Group Analysis for Primary Outcome

BMI > 35kg/m?

Augmented Protein Usual Protein

Effect estimate (95% Interaction
No. of patients Median (IQR) No. of patients Median (IQR) (95%
Cl) p-value
<35 kg/m? 1,066 62 (0-76) 1,074 65 (0-77) -3.5(-12.4, 5.5) 0.468
>35 kg/m? 222 66 (9-77) 206 60 (0-76) 7.23 (-3.6, 18.0)
Favors @ Favors
usual : augmented
protein : protein
<35 =
=35 ] >
-15 -iO -TS 6 ; 1r0 115

Median difference (95% Cl)



Sub-Group Analysis for Primary Outcome

AKI prior to trial EN commencement
(Defined as new RRT between hospital admission and EN commencement)

Augmented Protein Usual Protein
No. of patients Median (IQR) No. of patients Median (IQR) Effect estimate (95% Cl) ln;ir;ﬁ:m
No 1,559 65 (0-78) 1,597 65 (0-78) 0.0 (-4.3,4.3) <0.001
Yes 122 15 (0-60) 119 24 (0-64) -13.2 (-50.0, 23.6)

Favors : Favors
usual : augmented
protein : protein

No s

Yes <& : >

-15 -10 -5 0 5 10 15
Median difference (95% Cl)



Sub-Group Analysis for Primary Outcome

AKI prior to trial EN commencement
(Defined as new RRT between hospital admission and EN commencement)

Augmented Protein Usual Protein
: : : , , Interaction
No. of patients Median (IQR) No. of patients Median (IQR) Effect estimate (95% Cl) o-value
No 1,559 65 (0-78) 1,597 65 (0-78) 0.0 (-4.3, 4.3) <0.001
Yes 122 15 (0-60) 119 24 (0-64) -13.2 (-50.0, 23.6)
| X |
| |
| Very low credibility | Low credibility | Moderate credibility | High credibility |
Very likely no effect modification Likely no effect modification Likely effect modification Very likely effect modification I\/I O d e ra te C re d i b i | i ty
Use overall effect for each Use overall effect for each Use separate effects for each Use separate effects for each
subgroup subgroup but note remaining subgroup but note remaining subgroup
uncertainty uncertainty

Comment:
Deemed moderate credibility of effect modification



summary

 Augmenting protein delivery did not increase the primary outcome of
days alive and free of the index hospital at day 90

e Point estimates did not identify any signal of improvement with
augmented protein for any secondary outcome

e Assessment for heterogeneity of effect favoured usual protein group for
sub-groups of patients:
* Receiving mechanical ventilation at baseline (very low credibility)
* With AKI at baseline (moderate credibility)
* Both variables which predispose patients to longer duration of EN



Interpretation

Effect of high versus standard protein provision on *®
@K ® The effect of higher protein dosing in critically ill patients functional recovery in people with critical illness (PRECISe):
SO ioa . R ; . i tigator-initiated, double-blinded, multicent
with high nutritional risk (EFFORT Protein): an international, awlnvestigator-initiated, doublesbilinded, muticentre;
parallel-group, randomised controlled trial in Belgium and

multicentre, pragmatic, registry-based randomised trial the Netherlands

W Rice, Danielle E Beor, Zheng-Yi Lee, Victona C Gonzdlez, Kewn O Redly, Rocqud Regala

TARGET Protein is the 3rd recently completed multi-centre trial on protein dose, with
similar results

EFFORT Protein: Point estimate suggested augmented protein delayed time to discharge
alive from the hospital, albeit with wide Cls

PRECISe: Point estimate suggested being discharged alive during 180 days after
randomisation (tertiary outcome) was less likely with augmented protein, with wide Cl



Why these results?



P =0.558
o
£ 006
2 ; o =
; 7004 & n® 0
- o 2 o
20 ICU patients = I =30 =
= >0.02
” QpO
080 gy Crole m
/ \ 0.00L—=== - : :
20g 40g 20g 409
Fasting Postprandial
(-150 - Omin) (0 - 360min)
e B
= S = S . o _ _ .
f\é 20q (\ 40g * Higher protein increased post-prandial plasma amino acid
A in 7 A in 7 . cr-
gooen? Rooent availability
e But did not further increase post-prandial muscle protein
synthesis rates in critical illness




Interpretation

Patients exhibit an inability to use plasma amino acids for muscle protein
synthesis

Higher protein doses create more amino acids not utilised for muscle
protein synthesis

Potential increase in harmful by-products such as urea

Protein dose may suppress autophagy



Conclusion

* In critically ill patients, augmented enteral protein delivery did not
increase days free of the index hospital and alive at day 90 compared to

usual protein

* These data do not support augmenting enteral protein early during
critical illness



Implications for everyday practice in the ICU

For patients who are genuinely critically ill:

e aim for 1.3g protein/kg/day, avoiding aggressive strategies in the first few days
* monitor actual delivery (patients get much less than they are prescribed)

e caution with patients who have an acute kidney injury if not being dialysed

* monitor for signs of impaired nutrient utilisation




JAMA

Summers MJ, Chapple LS, Karahalios A, et al; for the TARGET
Protein Investigators and for the Australian and New Zealand
Intensive Care Society Clinical Trials Group

Augmented Enteral Protein During Critical
lliness

The TARGET Protein Randomized Clinical Trial

Published online June 11, 2025
Critical Care Reviews 2025

Scanto read the article

Available at jama.com

@ sama Network
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Additional slides



Analysis — Secondary outcomes

Outcome Statistical analysis method

Days free of the index hospital and alive at Same approach as for primary outcome
day 90 in survivors

Alive at day 90 Estimated using GEEs with log link function, exchangeable working
Incidence of tracheostomy insertion correlation matrix, and small sample bias corrected standard
Incidence of renal replacement therapy errors using ICU as clustering unit

Duration of invasive ventilation (hours) Cox regression with covariate adjustment for period and delayed
Duration of admission to ICU (days) start, stratified by ICU and robust standard errors

Duration of admission to hospital (days) Patients dying prior to discharge (or extubation) censored at their

time of death

Discharge destination Descriptive analysis; frequency presented by allocated treatment
sequence and observation period



Trial nutrition delivery

Parenteral nutrition and protein supplementation delivered

Augmented Usual
Protein Protein
(n=1681) (n=1716)

Parenteral nutrition

administered at any stage 115/1681 (6.8%) 120/1716 (7.0%)
during ICU admission

Protein supplement

administered at any stage 12/1681 (0.7%) 10/1716 (0.6%)
during ICU admission




Discussion

* We showed there was a heterogeneity of treatment effect according to
presence of new kidney failure

 Consistent with the subgroup analysis of EFFORT Protein (albeit with
differing definitions of acute kidney injury) and also a recent meta-
analysis



Protein trials

EFFORT Protein, 1301 MV adult pts at >2-2 g/kg/d <1-2 g/kg/d No diff in time-to-discharge-
2023, Lancet nutritional risk alive

PRECISe, 2024, 935 MV adult pts 2-:0 g/kg/d 1-3 g/kg/d Worse EQ-5D-5L health utility
Lancet score with intervention

(mean diff -0-05; 95% Cl -
0-10, -0-01; P=0-031)



@ ®

Lancet 2023; 402:568-76
Publeshed Online

January 25, 2023
httpsJ/doi.org/10.1016/
So140 6736(22!02469 2

The effect of higher protein dosing in critically ill patients
with high nutritional risk (EFFORT Protein): an international,
multicentre, pragmatic, registry-based randomised trial

Daren K Heyland, Jayshil Patel, Charlene Compher, Todd W Rice, Danietle E Bear, Zheng-Yii Lee, Victoria C Gonzdlez, Kevin O'Reilly, Racquel Regala,
Courtney Wedemire, Miguel Ibarra-Estrada, Christian Stoppe, Luis Ortiz-Reyes, Xuran fiang, Andrew G Day, on behalf of the
EFFORT Protein Trial team

Summary

Background On the basis of low-quality evidence, international critical care nutrition guidelines recommend a wide
range of protein doses. The effect of delivering high-dose protein during critical illness is unknown. We aimed to test
the hypothesis that a higher dose of protein provided to critically ill patients would improve their clinical outcomes.

Methods This international. investigator-initiated. pragmatic. registry-based. single-blinded. randomised trial was



STUDY DESIGN
Pragmatic, investigator-initiated, registry-based, single-blinded randomised trial in 85 ICUs in 15 countries

POPULATION
Adults within 96h of ICU adm, expected to be MV for >48h, at nutritional risk

AlM

To determine whether higher dose protein in MV adults at high nutrition risk will reduce the time-to-
discharge-alive from hospital when compared to usual protein dose

Usual-dose protein Using EN or PN, 1V .amino High-dose protein
acids, or protein
(<1-2 g/kg/d) (>2-2 g/kg/d)

supplements

RESULTS
1301 pts recruited (645 high vs 656 usual)
Achieved 1-6 vs 0-9 g/kg/d

No difference in time-to-discharge-alive (primary outcome)
Higher protein associated with worse outcomes in pts with AKI and high SOFA score (>9)




Effect of high versus standard protein provision on
functional recovery in people with critical iliness (PRECISe):
an investigator-initiated, double-blinded, multicentre,
parallel-group, randomised controlled trial in Belgium and
the Netherlands

Julia L M Bels, Steven Thiessen, Rob J | van Gassel, Albertus Beishuizen, Ashley De Bie Dekker, Vincent Fraipont, Stoffel Lamote, Didier Ledoux,
Clarissa Scheeren, Elisabeth De Waele, Arthur R H van Zanten, Laura Bormans-Russell, Bas C T van Bussel, Marlies M J Dictus, Tom Fivez,
Ingeborg Harks, Iwan C C van der Horst, Joop Jonckheer, Hugues Marechal, Paul B Massion, Ingrid Meex, Michelle C Paulus, Martin Rinket,
Susanne van Santen, Katrien Tartaglia, Adam M Deane, Frieda Demuydt, Zudin Puthucheary, Lilian C M Vloet, Peter | M Weijs,

Sander M J van Kuijk, Marcel C G van de Poll*, Dieter Mesotten®, on behalf of the PRECISe study team+

Lancet 2024; 404: 659-69
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STUDY DESIGN
Investigator-initiated, double-blinded, multicentre, parallel-group, RCT in 10 ICUs from 2 counties

POPULATION
Adults with unplanned ICU adm, IMV initiated within 24hrs of ICU, and expected IMV of >3d

AlM
To assess whether higher enteral protein provision would improve health-related quality of life and
functional outcomes in IMV critically ill patients compared with standard enteral protein provision

Standard dose protein Using two isocaloric EN Higher dose protein

(13 g/kg/d) formulae (20 g/kg/d)

RESULTS
935 pts recruited (470 higher vs 465 standard)

Achieved 1-87 (0-96-2-00) vs 1-:19 (0-63-1-26) g/kg/day

Primary outcome: Worse EQ-5D-5L health utility score during 180d in higher than standard protein group
(mean diff -0-05 (95% CI -0-10 to -0-01; p=0-031)

No impact on muscle-related outcomes, or in patients with AKl on ICU admission

Post-hoc showed longer time to discharge alive with high protein




Biochemistry

Measure

Augmented Protein
(n=1681)

Usual Protein
(n=1716)

Blood urea, mmol/I

Day 1 7.3 (4.8,12.4); n = 1583 7.5 (4.8,11.8); n = 1663
Day 5 10.3 (6.8, 16.2); n = 1003 8.4 (5.5, 13.8); n = 985
Day 10 13.0 (8.2, 18.8); n =439 10.6 (7.1, 15.4); n =417
Serum albumin, g/

Day 1 29.0 (24.0, 33.0); n = 1577 28.0 (24.0, 33.0); n = 1622
Day 5 24.0 (21.0, 27.2); n = 1000 24.0 (21.0, 27.0): n = 979
Day 10 24.0 (21.0, 28.8); n = 438 23.0 (20.0, 28.0); n = 417

Serum phosphate, mmol/I
Day 1

1.2(0.9,1.5); n = 1552

1.2 (0.9, 1.5); n = 1642

Day 5 1.0 (0.9, 1.2); n =995 1.1(0.9,1.3); n =971
Day 10 1.1 (1.0, 1.4); n = 433 1.2 (1.0, 1.4): n = 408
Blood glucose, mmol/I

Day 1 7.7 (6.4,9.6); n = 1662 7.8 (6.4,9.7); n=1704
Day 5 7.5 (6.4,9.1); n =993 7.8 (6.5,9.9); n =992

Day 10

7.5 (6.4,9.0); n = 442

8.1 (6.8, 10.0); n = 430




Primary outcome

Number of days free of the index hospital and alive at day 90

Treatment (Augmented Protein) Control (Usual Care)

5001

400+

3004

Frequency

2001

100 -

0 25 50 75 0 25 50 75
Days free of the index hospital and alive at day 90



Bayesian Quantile Mixed Model Analysis

034 Median Difference: =1.50 (95% Cri: -3.86, 0.90)

=25
Median difference
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IMV=No

IMV=Yes

RRT=No

RRT=Yes

Age<70

Age==T0

BMI<33

BMI>=35

N
(Treatment)

296

1385

15359

122

121

450

1066

222

Forest Plot of Sub-Group Analysis

Median (IQR)
(Treatment)

69.0 (46.0-81.0)

60.0 (0.0-76.0)

65.0 (0.0-78.0)

15.0 (0.0-59.8)

65.0 (0.0-77.5)

53.5 (0.0-75.0)

62.0 (0.0-76.0)

65.5 (8.5-77.0)

N
(Control)

361

1355

1597

1211

505

1074

206

Median (IQR)
{Control)

G67.0 (34.0-77.0)

63.0 (0.0-77.0)

65.0 (0.0-78.0)

24.0 (0.0-64.0)

G67.0 (24.0-79.0)

51.0 (0.0-73.0)

65.0 (0.0-77.0)

59.5 (0.0-75.8)

-
L
-~ -
a
=
L ] -
Favours Control Favours Treatment
I T T T T T T T T T T 1
-15 -125 -10 -75 -5 =25 25 & 75 10 125

15

Median difference
(95% Cl)

2.7 (-5.24,10.64)

-3.44 (-9.64, 2.76)

0(-4.32, 4.32)

=13.19 (-50, 23.62)

-3 (-B8.48, 2.49)

0.85 (-8.98, 10.68)

-3.46 (-12.44, 553)

7.23 (-3.56, 18.02)

p=0.023

p=0.001

p=0.106

p=0.468



Enrolment Per Site

Royal Melbourne Hospital - 913 (26.9%)
Royal Adelaide Hospital — 660 (19.4%)
Royal Prince Alfred Hospital - 625 (18.4%)
Austin Hospital - 394 (11.6%)

Wellington Regional Hospital - 260 (7.7%)
Sunshine Hospital - 246 (7.2%)

University Hospital Geelong - 236 (6.9%)
The Queen Elizabeth Hospital - 63 (1.9%)




Trial nutrition delivery

Protein (g/kg IBW/day) - including day of enrollment

Total protein from trial EN (grams/kg (IBYY)'day)

Number of Patients

Augmented Protein: 1.12 (0.71, 1.53)
g/kg IBW/day

Usual Protein: 0.69 (0.40, 0.95) g/kg
IBW/day



Trial nutrition delivery

Calories (Kcal/kg IBW/day) - including day of enrollment

B3 usual Proten

Total calories from rial EN (kealfg (IBWYday)

BE sugmenied Prosein

Mumber of Pabants

Aigmentid Probmn 1311 1243

Usual Protein -~ 1301 1224

i 5
Trial Day

S5 1849 658 a3

550 789 523 e

Augmented Protein: 14 (9, 19) kcal/kg
IBW/day

Usual Protein: 14 (8, 19) kcal/kg
IBW/day



Trial nutrition delivery

Ed

B3 usual Proten

Total calories from rial EN (kcalfkg (IBWYday)
- - - .

Bl ugmented Protein

Mumber of Pabants

Aigmentid Probmn 1311 1243

Usunl Protain~ 1301 1224

i 5
Trial Day
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Calories (Kcal/kg IBW/day) - excluding day of enroliment

Augmented Protein: 17 (11, 22)
kcal/kg IBW/day

Usual Protein: 17 (10, 22) kcal/kg
IBW/day



Primary outcome - Linear Mixed Model

Number of days free of the index hospital and alive at day 90

Augmented , Intracluster
, Usual Protein , ,
. Protein 1716 correlation Effect estimate (95% Cl) p-value
Outcome - Median (IQR) (n=1681) (n= ) coefficient
Primary Num.ber of day§ free of Lihear Median Difference:
outcome the index hospital and mixed 47.5 (34.0) 48.9 (33.5) <0.001 0.29
alive at day 90 model -1.26 (-3.59, 1.06)
Augmented protein = Usual protein =
47.5 48.9
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More free days = better outcome




Primary outcome - Bayesian model

Number of days free of the index hospital and alive at day 90

Augmented , Intracluster
, Usual Protein . .
Protein correlation Effect estimate (95% Cl) p-value
Outcome - Median (IQR) (n=1681) (n=1716) coefficient
b £ davs f : Bayesian
Primary Num. e€ro ay§ reco quantile Median Difference:
outeome the index hospital and ived 62 (0.0, 77) 64 (0.0, 77) 0.0023 NA
alive at day 90 Hodel -1.50 (-3.86, 0.90)

. O

Augmented protein = 62

Usual protein = 64

H

More free days = better outcome

v




Primary outcome - Sensitivity analyses

Number of days free of the index hospital and alive at day 90
Augmented Protein Usual Protein Effect estimate (95% Cl) p-value Intra-cluster
(n=1681) (n=1716) correlation
Primary outcome (Sensitivity
coefficient
analyses)
Excluding patients known to have 64 (0, 78) 65.0 (0, 78) Median Difference: 0.71
received non-trial enteral formula®
-0.97 (-6.04, 4.10) 0.009
Excluding patients admitted for 63.0(0, 77) 64.0 (0, 77) Median Difference: 0.72
palliative care or organ donation®
-1.12(-7.17, 4.93) 0.007

5234 participants excluded (144 in augmented protein group and 90 in usual protein group). Treatment effect estimated using primary analysis model (quantile mixed model).
27 participants excluded (17 in augmented protein group and 10 in usual protein group). Treatment effect estimated using primary analysis model (quantile mixed model).




Sub-Group Analysis for Primary Outcome

Instrument for assessing the Credibility of Effect Modification Analyses
(ICEMAN) in RCTs

e 95% Cl crossed zero for mechanical ventilation and AKI

 An assessment of credibility for heterogeneity of treatment effect was
conducted using ICEMAN

 Moderate credibility that the signal of harm for those with AKI at
baseline is true

 Very low credibility that mechanical ventilation is an effect modifier



dippendic & [ supplied by the authors]: instrument for assessing the Credibility of Dffect Modification
Analyses [ICEMAN) in randomized conbrolled triaks
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