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a b s t r a c t 

Background: Forskolin-induced swelling of patient-derived organoids has been used to measure patient- 

specific CFTR function and CFTR modulator response. We present a case where CFTR function assessment 

in intestinal organoids was decisive for a patients’ acceptance to a compassionate use program. 

Case description: A 56 years old female with cystic fibrosis compound heterozygous for F508del and a 

rare CFTR allele (c.3717 + 5G > T ) experienced rapid clinical deterioration. The forskolin-induced swelling 

assay on her rectal organoids was used to confirm that the rare mutation is a minimal residual function 

mutation, and that other CFTR modulators would not likely be effective. Based on these two criteria and 

her clinical status, she was accepted for compassionate use of elexacaftor/tezacaftor/ivacaftor and showed 

improvement in all clinical parameters. 

Conclusions: This reports describes a first example that intestinal organoids were used to identify a pre- 

viously unknown CFTR mutation as a minimal function mutation. The individual FIS-based definition of 

minimal residual function, response to ele/tez/iva and/or lack of response to other CFTR modulating drugs, 

may thus provide a tool for access to ele/tez/iva treatment for people with rare genotypes. 

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Elexacaftor (ele) in combination with tezacaftor (tez) and iva- 

aftor (iva) is a next generation CFTR modulator treatment and 

as been approved for treatment of cystic fibrosis in October 2019 

n the US and in August 2020 in the EU. Ele/tez/iva is a triple

FTR modulating drug combination with higher efficacy compared 

o single and dual CFTR modulating drugs in subjects with the 

508del/F508del genotype and for F508del compound heterozy- 

ous with defined minimal function CFTR mutations [ 1 , 2 ]. 

Many mutations associated with cystic fibrosis (CF) remain 

ncharacterized and have not been functionally annotated [3] . 

atient-derived intestinal organoids facilitate the measurement of 

ndividual CFTR function through the forskolin-induced swelling 

FIS) assay, enabling both the assessment of CFTR residual func- 

ion and the effects of CFTR modulators. [ 4 , 5 ]. This assay measures

FTR-dependent ion and fluid transport into the organoid lumen 
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hat causes rapid organoid swelling. We report the case of an in- 

ividual with CF who has a F508del compound heterozygous CFTR 

enotype and c.3717 + 5G > T who was originally rejected for com- 

assionate of ele/tez/iva because her rare allele was not charac- 

erized and defined as a minimal function allele. Organoids were 

sed for an individual assessment of CFTR function and classified 

er allele as minimal function, which guided inclusion into the 

le/tez/iva compassionate use program. 

. Case description 

We present a 56 years old female with cystic fibrosis and 

 c.1521_1523del(F508del)/c.3717 + 5G > T genotype, who was diag- 

osed with CF in her first year of life. She has exocrine pancreatic 

nsufficiency as well as CF related diabetes mellitus for which she 

ses insulin. She has had recurrent airway infections throughout 

er life, and is chronically infected with Pseudomonas aeruginosa. 

In recent years, her clinical condition had deteriorated with 

requent pulmonary exacerbations. In the previous year, she re- 

eived multiple courses of antibiotics and 2 courses of prednisone 

ecause of pulmonary exacerbations, two of which required pro- 
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Fig. 1. Graphs of the FIS assay with responses to ivacaftor (VX-770) ivacaftor/lumacaftor (VX-770/VX-809) ivacaftor/tezacaftor (VX-770/VX-661). 

A: Our case patients’ organoids (2 measurements, individual measurement graphs in supplement) 

B: Reference organoids ( N = 3) derived from patients with F508del/G550X genotype 

C: Reference organoids ( N = 15) derived from patients with F508del/S1251N genotype 

D: Reference organoids ( N = 20) derived from patients with F508del/F508del genotype. 
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onged hospitalization for intravenous therapy. Her FEV 1 at this 

oint was at 30% of predicted, with an annual average decline of 

% in the previous 3 years. Due to the severely impaired lung func- 

ion and the frequent exacerbations, the disease had a grave im- 

act on the patients’ daily life. Because of the gradual deteriora- 

ion in clinical condition, screening for lung transplantation was 

tarted, and concurrently her eligibility for ele/tez/iva treatment on 

 compassionate use basis was investigated. A request for inclu- 

ion into the compassionate use program was denied as the ultra- 

are c.3717 + 5G > T mutation was not designated as minimal resid- 

al function mutation. 

The individual agreed to provide rectal biopsies for generation 

f intestinal organoids and CFTR function measurement. An in- 

reasing dose of forskolin was used to test organoid swelling, and 

howed no baseline swelling of her organoids indicative of a min- 

mal residual function genotype and only no (ivacaftor) or limited 

welling after lumacaftor/iva or tez/iva incubation, quantitatively 

omparable to average responses of organoids with one F508del 

llele combined with a nonsense mutation (G542X) ( Fig. 1 , 2 ). A

ombination of ele/tez/iva was not tested on the organoids, as elex- 

caftor was not yet available for in vitro testing in our laboratory. 

hen it became available, we encountered an inability to restore 

iving cultures from the patients’ biobanked organoids to perform 

 new FIS assay. We deemed it unethical to request new biopsies 

rom our patient if it would solely be for this purpose. 

Based on these results in combination with her clinical status, 

his patient was allowed to join the compassionate use program 
255 
nd start ele/tez/iva treatment. After only days of treatment, she 

tarted coughing less and feeling more energetic. After 6 months of 

reatment, her FEV 1 had increased to 52% of predicted ( + 22%), her 

weat chloride had dropped to 49 mmol/l ( −48 mmol/l) and her 

hest CT ( Fig. 3 ) showed markedly less mucus plugging, bronchial 

all thickening and peribronchial thickening compared to a CT ob- 

ained 2 months before the start. Her CFQ-R scores improved not 

nly on the respiratory domain (44 to 83 on the 100 point scale), 

ut also on the subdomains health, vitality, social, physical, role 

nd digestive. In the first 12 months of treatment she had no pul- 

onary exacerbations. After 18 months of treatment, her FEV 1 had 

mproved further to 57% of predicted, the highest level since at 

east 16 years. 

. Discussion 

We report the first case, to our knowledge, in which organoid 

IS was used to argue eligibility for triple CFTR modulating treat- 

ent on a compassionate use basis. 

One condition for applicability to this case, is that the tech- 

ique should be able to verify if an ultra-rare mutation of which 

he consequences are unknown, is a minimal function mutation. 

he FIS assay provides a CFTR dependent readout for individu- 

ls that correlates with other biomarkers of CFTR function, clin- 

cal disease severity and CFTR modulator responses [ 4 , 6 , 7 ] Base-

ine residual function measurement was clearly absent and dif- 

erent from organoids with residual function alleles ( Fig. 1 ) [ 4 , 6 ].
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Fig. 2. Images of FIS assay on rectal organoids of our case patient 

A: Before stimulation with forskolin 

B: DMSO control after maximum forskolin stimulation (5.0uM) 

C: VX809/VX770 pretreated, after maximum forskolin stimulation (5.0uM) 

D: VX661/VX770 pretreated, after maximum forskolin stimulation (5.0uM). 

Fig. 3. CT scan images of our patient 1 month before start (left) and 3 months after start of treatment (right). 
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trong responses to the then available first generation modulators 

ere also absent. By quantitatively comparing the current mea- 

urements to published average organoid responses with defined 

FTR genotypes [5] , the c.3717 + 5G > T allele would be designated

s a non-functional class I splicing mutation. 

This report shows that individual CFTR function measurements 

an be used to classify CFTR genotypes as minimal function geno- 

ypes. This is different from the currently used CFTR allele-specific 

yping by Fisher Rat Thyroid cells that quantifies CFTR function 

pon introducing mutations in a defined genetic context. This sys- 

em does not integrate individual genetic variability within the 
256 
FTR gene and other modifiers that could impact on individual 

unction, and is also not equipped to assess splice mutations in 

 direct and individual manner as was studied here. We anticipate 

hat the methodology used here that is based on individual CFTR 

unction assessment in organoids could help more people with CF 

nd rare, uncharacterized mutation to get access to critical treat- 

ent. 

An issue that should be addressed in the future, is the current 

ack of a cut-off value for the definition of minimal function based 

n the FIS assay or any other measure. In our patients’ case it was 

ery clear that residual function was close to zero in the grown 
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rganoids. However, the thresholds that discriminate between in- 

ividuals having minimal residual function or ‘more-than-minimal’ 

emain unclear for organoid FIS or any other individual CFTR func- 

ion test or clinical feature. This unclarity hampers the implemen- 

ation of the FIS test or other criteria (e.g. based on pancreatic in- 

ufficiency or sweat chloride concentration) in facilitating access to 

le-tez-iva for individuals with uncharacterized CFTR genotypes. 

. Conclusion 

We show a first application of the FIS assay on patient-derived 

rganoids to define minimal CFTR residual function of genotypes 

nd associated alleles in the context of eligibility for compassion- 

te use of ele/tez/iva. This individual-based approach may provide 

 timely solution for assessment of drug eligibility for people with 

F who have rare genotypes. 
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