


• Background to cystic fibrosis (CF) and nutritional management

• What are CFTR modulators?

• Impact of CFTR modulators on nutritional status

• Implications for clinical practice and future considerations 

CFTR, cystic fibrosis transmembrane conductance regulator 



CFTR, cystic fibrosis transmembrane conductance regulator 

Source: Southern et al, JCF. 2022



Non-pulmonary symptoms of CF
• First described as ‘cystic fibrosis of the pancreas’ in 1938 (Andersen)
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Treatments have targeted symptoms of CFTR dysfunction 

• Pancreatic enzyme replacement therapy  

• High calorie, high fat “CF legacy diet”

• Oral/enteral nutritional support

• Fat-soluble vitamin & mineral supplementation

→ Improved growth, pulmonary function and survival (Corey et al) 

Corey et al, Ped Pulm. 1988





Modulator Agent Variants and class Date licenced in UK 

Ivacaftor*
(Kalydeco®)

Potentiator Gating (e.g. G551D)
Class III-V

Infants ≥4m since 2020
Children ≥12y & adults since 2013
 

Lumacaftor/Ivacaftor 
(Orkambi®)

Potentiator  & 
corrector

dF508 homozygous
Class II

Children ≥2y since 2020
Children ≥12y & adults since 2015

Tezacaftor/Ivacaftor 
(Symkevi®)

Potentiator   & 
corrector

dF508 heterozygous
Class II-V

Children 6-11y since 2021
Children ≥12y & adults since 2019

Elexacaftor/Tezacaftor/ 
Ivacaftor*
(Kaftrio®)

Potentiator  & 
correctors 

dF508 homozygous
dF508 heterozygous
Class II-V

Trials in children 1-2y due to start
Trials in 2-5y awaiting approval
Children 6-11y since 2022
Children ≥12y & adults since 2020

* IVA and ELX/TEZ/IVA are described as highly effective modulator therapies  



ECFS Patient Registry Annual Report 2020, published 2022



UK CF Patient Registry 2021 Annual Report, CF Trust 2022



Children
2-17y

Median 
BMIp

% 
underweight

% 
overweight

%
obese

2008 38.6 18.74 5.75 1.96

2018 40.9 18.33 7.32 2.96

Adults
≥18y

Median 
BMI

%
underweight

%
overweight

%
obese

2008 20.9 20.5 9.11 1.89

2018 21.6 14.67 14.11 3.35

Zolin et al, ECFSPR 2020. Reproduced with permission



UK CF Patient Registry 2021 Annual Report, CF Trust 2022

Median BMI percentiles in children & young people  

↑ overweight  / ↓ underweight

BMI in adults 2018-2021



Bass, Brownell and Stallings, Nutr. 2021



Modulator Parameters Follow up Results

IVA
Children ≥6y             
≥1 G551D 

WFA and BMI 
z-scores

8 to 48 wk Mean baseline WFA -0.292 and BMI -0.199. 
↑ WFA and BMI z-scores by 0.35 and 0.39 
respectively compared to placebo

IVA
Adults ≥1 G551D

Wt and BMI 4 to 48 wk Optimal or low mean BMI at baseline,↑ wt and BMI 
by 2.9kg and 0.58-1.2 respectively

ELX/TEZ/IVA ≥12y 
dF508 homozygous

BMI 24 wk Baseline nutritional status not reported. 
Mean change in BMI 1.04

ELX/TEZ/IVA ≥12y 
dF508 heterozygous

Wt and BMI 4 wk Baseline nutritional status not reported.               
Mean change in BMI 0.6. Mean change in wt 1.6kg 

Bailey et al, J Acad Nutr Diet. 2020WFA, Weight-for-age



Duckers et al , J Clin Med. 2021

57 studies 2012-2019 (children & adults)

Highly consistent & sustained        
clinical benefit in both pulmonary &  
non-pulmonary outcomes, including 
nutritional markers after 5y 



Impact on anthropometry: ELX/TEZ/IVA

‘PROMISE’ n=487, US adolescents & adults ≥12y
 
At 6m ↑ BMI percentile to 65th in adolescents, 
24.5kgm2 in adults  (even after FEV1 plateaued)

Change in BMI percentile 

Nichols et al, Am J Resp Crit Care Med. 2021



Wt z-score      BMI z-score             Ht z-score 

Zemanick et al, Am J Resp Crit Care Med. 2021

n=66 children 6-11y
↑ wt & BMI z-scores at 24wks,    
ht z-score maintained



n=20 adults
After 28d: ↑ wt, BMI & FFM                          
After 6m: ↑ fat mass, plateaued at 2.5y

At baseline: 20% overweight / 5% obese      
After 6m: ↑ to 25% overweight / 10% obese

King et al, Nutr. 2021

FFM, Fat-free mass

n=23 children & adults (5-61y)
At 3 m: ↑ wt, BMI, fat mass & FFM

                   Stallings et al, J Ped. 2018 



‘KIWI’ study, n=34 young children 2-5y 
• Improvement  pancreatic function 

(n=27): ↑elastase, ↓IRT

• Wt & BMI z-scores ↑ by wk 2, 
sustained to wk 24, ht z-score     
similar from baseline to wk 24

Davies et al, Lancet Resp Med. 2016

Similar results shown in ‘ARRIVAL’ study 
children aged 1-2y with ≥1 gating variant                                         
Rosenfeld et al, Lancet Resp Med. 2018

IRT, immunoreactive trypsin



n=41 (2-21y),↑ in plasma vitamin A,                   
↓ in vitamin E, within normal ranges
Sommerburg et al, Antioxid. 2021

n=845 adolescents & adults, no ↑ in 
serum vitamin A, E or D after 1y
Burgel et al, Am J Resp Crit Care. 2020 

Case reports of raised ICP & mild 
hypervitaminosis A in children after 
starting ELX/TEZ/IVA
Miller & Foroozan, Can J Ophthal. 2022; 
Wisniewski et al, JCF. 2022

ICP, intracranial pressure



• Nutritional assessment to include body composition markers         
in addition to anthropometry

• Dietary management to focus on quality, rather than quantity

• May be able to reduce/discontinue enzymes in younger children? 

• Review frequency of fat-soluble vitamin monitoring, with 
adjustment of supplementation 



“(15) Regular monitoring of nutritional 
status & dietary intake, according to                            

changing energy requirements”

“(16) Frequency of support of nutritional 
assessment should be individualised,           

depending on age, clinical status                                   
& modulator therapy”

Southern et al, JCF. 2022



• CFTR modulators have transformed CF care, moving from    
treating the symptoms of CFTR dysfunction → targeting the 
underlying defective CFTR protein

• CFTR modulators have a significant impact on nutritional status,            
the extent to which is variant-specific & depends on the type of 
modulator used  

• Nutritional assessment & dietary management are evolving, 
becoming more individualised & focusing on optimising               
long term health
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