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Methods: 86 patients with 5T who had undergone NPD measurement, were included (6 homozygous (5T/5T), 41
with a PI-CF causing mutation in trans (5T/PI-CF), 11 with a PS-CF causing mutation in trans (5T/PS-CF) and 28
without a known mutation in trans (5T/?). Data including age, phenotype, sweat chloride and follow up were col-
lected.

Results: 33% of the 5T/5T patients had abnormal NPD results, compared to 70% in 5T/PI-CF; 33% in 5T/PS-CF and
29% in 5T/?. The percentage of high or borderline sweat chloride was highest in 5T/PI-CF, and 5T/?, compared to
5T/5T and 5T/PS-CF (91, 96, 80, and 63%, respectively). TGm (number of TG repeats in intron 8) analysis was per-
formed in 21 5T/PI-CF patients. TG11 was associated with lower sweat chloride, lower percentage of abnormal
NPD and less progression of symptoms compared to TG12 and TG13.

Conclusion: There is much variation in clinical status among 5T patients. All patients in this study with 5T/PS CF,
all patients with both normal NPD and sweat test, and most patients with TG11 were stable or improving over
time. Therefore, NPD measurement and TGm status aid to assess if a patient is at high risk for developing CF or

CFTR-related disease and if specific follow up in a CF center is required.
© 2019 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.

1. Introduction

Cystic Fibrosis (CF) is the most common life-limiting autosomal re-
cessive inherited disorder. It is caused by mutations in the CFTR gene,
leading to inadequate function of the CFTR protein [1]. Over 2000 differ-
ent mutations have been discovered since 1989 [2]. Different types of
mutations seem to correlate with different grades of residual CFTR func-
tion, so that certain types of mutations lead to more severe disease than
others [3]. Throughout this article 5T polymorphism is referred to as 5T,
but in literature it is also called IVS8-5T or ¢.1210-12T [5]. This polymor-
phism occurs in the polythymidine tract in intron 8 of the CFTR gene,
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leading to inappropriate splicing whereby exon 9 is left out in 70-90%
of the mRNA strands, resulting in a CFTR protein that will not reach
the cell membrane. The other intron 8 polythymidine tract polymor-
phisms 7T and 9T lead to 0-50% and <5% aberrant transcript, respec-
tively [4,5].

When combined with a CF causing mutation on the other allele and
R117H in cis, 5T is known to cause CF by aggravating the effect of the
R117H mutation [6].

If present solely on one allele and combined with a CF causing muta-
tion in trans (compound heterozygous), 5T may have various conse-
quences, from no symptoms or isolated CBAVD to pancreatic sufficient
CF (PS-CF) or even pancreatic insufficient CF (PI-CF) [7,8]. The extent
of correct splicing of exon 9 is further determined by the number of ad-
jacent TG repeats (TGm), located upstream of the Tn locus of intron 8.
The numbers of TG repeats in cis on a 5T background influences the
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efficiency of splicing, hereby acting as a complex allele [9]. According to
the CFTR2 database, 5T (not in a complex allele) is defined as a ‘muta-
tion with varying consequences’, irrespective of the number of TG re-
peats; individuals who are homozygous for 5T - whether TG11, TG12
or TG13, without R117H - have all been reported across the full spec-
trum of CFTR disorders from healthy individuals to CF, although symp-
toms are usually mild in the majority [10,11].

Patients that are compound heterozygous for this mutation may be
symptomatic and suffer from a mono-organ disease, e.g. CBAVD (con-
genital bilateral absence of vas deferens), sinusitis or bronchiectasis,
and some have multi-system disease and fulfill the diagnosis for CF.

5T variant is particularly common in Ashkenazi Jews and accounts
for 18% of all PS CF cases; in non-Ashkenazi Jews this is 10%. 32% of
CBAVD in Ashkenazi Jews is associated with 5T polymorphism, and
36% in non-Ashkenazi Jews [12]. 5T is also widely present in other eth-
nic groups [13,14].

This study aims both to provide descriptive information about a
large cohort of 5T patients referred for diagnostic workup, and to evalu-
ate if NPD measurement is of added value in these patients to estimate
CF severity and the need for follow up.

2. Methods
2.1. Patient characteristics and follow up data

Data was collected from patients with at least one 5T allele, who
were seen in a CF center for diagnostic evaluation, in a retrospective
manner. This includes patients with bronchiectasis, recurrent pancreati-
tis, CBAVD, or in case of a family history of CF. Tables 1.a and 1.b provide
an overview of the nature and extent of symptoms leading to referral.
Patients were included if they underwent at least genetic testing of
both alleles (in a panel or full sequencing), NPD and sweat test. In all pa-
tients, information about age, gender and CFTR mutations on both al-
leles was collected. These mutations were grouped in PI and PS CF
causing mutations, according to the CFTR2 database [10] (Table 2). Mu-
tations with varying or completely unknown clinical consequences
were also included in the group with PS CF causing mutations. In 38 pa-
tients information about the TGm status was available.

Other variables collected were symptoms at the time of evaluation
and follow-up of these symptoms during at least one year(median fol-
low up duration: 5,0 years, range 1,1-26,0 years), as well as the final di-
agnostic state after full evaluation (CF, CFTR-RD, no CF), according to the
clinician. Ethical approval for the anonymous use of patient data for re-
search was ensured in all participating centers.

2.2. Sweat chloride

Sweat test was performed in a standardized manner in certified lab-
oratories. A minimum of 1 g/m2/min was collected for 20-30 min by

Table 1.a
Frequency of symptoms contributing to referral to a CF center.
Number of
patients (%)
Respiratory Bronchiectasis or recurrent lower respiratory 36 (42%)
tract infections
Obstructive lung disease (including 15 (17%)
astma/COPD)
Sinusitis and/or nasal polyps 21 (24%)
Chronic cough/sputum 9 (10%)
Gastro-intestinal Recurrent pancreatitis 10 (12%)
Pancreatic insufficiency / chronic 11 (13%)
diarrhea / failure to thrive
PSC / liver test abnormalities / 4 (5%)
cholelithiasis
CBAVD 16 (19%)°

2 19% of total, 29% of male patients.

Table 1.b
Extent of symptoms per patient.

Number of patients (%)

No symptoms, family history led to referral 7 (8%)
Symptoms in one organ 49 (57%)
Symptoms in multiple organs 30 (35%)

iontophoresis, after application of pilocarpine on the skin. Chloride con-
centration was measured in the collected sweat, according to the CFF
guidelines [15]. Most patients had multiple (2-4) sweat tests taken. In
these cases the mean result was used for the study. In seven patients
no sweat test results were available, for five patients this was due to re-
peatedly insufficient sweat volume obtained on multiple occasions. One
patient suffered from ichthyosis, and one patient refused to undergo a
repeat test after the first attempt yielded insufficient sweat volume.

2.3. Nasal Potential Difference (NPD)

NPD test was carried out in all centers according to the Standardized
Operating Procedure of the ECFS [16]. Each operator had received train-
ing in the technique before the commencement of the measurements.

NPD measurement data was obtained retrospectively from multina-
tional CF diagnostic centers (Jerusalem, Berlin, London, Leuven, Brus-
sels, Hannover, Utrecht), where NPD measurements were performed
in the patients for diagnostic purposes. Subsequently the data was
anonymized and assembled in a data file. The response to amiloride
(Aamil) and the response to chloride free solution added to the re-
sponse to isoproterenol (AClfree+Aiso) was derived. From this, the ex-
ponent of (Aamil/(AClfree+Aiso)) was calculated as a measure for
CFTR function. An e(4amil/(aclfree+4iso)) of 7 or higher indicates a poor
CFTR function as is seen in CF, being defined as an abnormal NPD result
[17,18]. All centers followed the SOP as provided by the ECFS; therefore
the only difference noted between the centers was the way the refer-
ence electrode was attached to the skin. In most centers a subcutaneous
needle was inserted into the forearm, in a few centers the skin abrasion
technique was used, where a superficial skin abrasion is made and the
electrode was attached onto the skin. Both methods are described in
the SOP and shown to discriminate CF from non-CF subjects in a
comparable way.

2.4. Approach to description of 5T patients and subgroups

The patients were divided into four groups according to the muta-
tion on the second allele: Group 1: Homozygous for 5T, Group 2: Muta-
tion in trans known to cause PI CF (Tables 1.a, 1.b), Group 3: Mutation in
trans known to cause PS CF or with various clinical consequences, Group
4: no second mutation found. The patients with an abnormal NPD result
(elaamil/(aClfree+Ais0)) 5 9 7) were compared to the patients with a nor-
mal NPD result.

Patients were also divided according to their symptom evolvement
during follow up; either their symptoms resolved or remained stable

Table 2
PS-CF and PI-CF causing mutations in trans and their frequency in the studied group.

PS-CF causing (or varying/unknown clinical PI-CF causing mutation

consequence) mutation (N = 9) (N=43)

D1152H (c.3454G>C)N =4 F508del (c.1521_1523delCTT)
N =28

F1052V (c3154 T >G) W1282X (c.3846G>A)N=9

621 4+ 3A>G (c489 + 3A>G) G85E (c.254G>A)N =2

Q799K (c.2395C > A) G542X (¢.1624G >T)

N1303I (c.3908A > T)
V562 L (¢.1684G > C)

1259insA (c.1127_1128insA)
1717-1G > A (c.1585-1G > A)
3056delGA (.2924_2925delGA)

Legacy name is shown, with nomenclature according to HGVS (Human Genome Variation
Society) between parenthesis.
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over time, or they showed progressive or recurrent symptoms during
follow up. If patients suffered from bronchiectasis, sinusitis or CBAVD
and had no new symptoms or recurrent infections, they were classified
as stable. If there were recurrent infections or patients suffered from re-
current pancreatitis with episodes during follow up, this was noted as
recurrent symptoms. Any new symptoms or worsening of existing
symptoms was also noted as clinical worsening.

CBAVD, acute recurrent or chronic pancreatitis and disseminated
bronchiectasis as a mono-organ disease were defined as CFTR-RD [19].
CF diagnosis was recorded if the treating physician concluded that a
person had CF based on multi-organ involvement with impaired CFTR
function, after full evaluation [20].

3. Results

In total, 86 patients were included, of which 6 were 5T homozygous
(group 1) and 52 were compound heterozygous 41 with a PI CF causing
mutation in trans (group 2), 11 with a PS CF or varying consequence sec-
ond mutation in trans (group 3; Tables 1.a and 1.b). In 28 patients no
second mutation was found (group 4). In addition, we tried to obtain in-
formation about the length of the TG stretch (TGm) in cis in all patients,
since research suggests that this has a major impact on splicing in 5T. TG
repeats were known in 38 patients out of 86 (TG11: N = 7, TG12: N =
27,TG13: N = 4).

When divided according to the mutations in trans, marked differ-
ences appear between the groups (Table 3). The percentage of patients
with an abnormal sweat test is distinctively higher in group 2 and 4,
compared to group 1 and 3 among which sweat test results were
comparable.

The proportion of patients diagnosed with CF after full workup and
follow up was 54% in the group with a PI CF causing mutation in trans,
in the other groups this was 17-33%.

The percentage of males also differs between these groups. The dif-
ference may be partially due to small group size, although gender may
also have an impact on CFTR function in 5T patients [21]. Males were
frequently referred for diagnostic evaluation because of CBAVD as
their main or only symptom, which is more common in the combination
F508del/5T, accounting for 17% of the total of CBAVD patients [22]. This
does not account for the full difference in this group.

When the patients with an abnormal sweat test were compared to
those with a borderline and normal sweat test, those with a high
sweat chloride (above 60 mEq/1) had surprisingly less worsening or
recurrent symptoms (7%), compared to those with borderline
(30-59 mEq/l, 31%) or low (<30 mEq/l, 33%) sweat chloride (Table 4).
Patients with an abnormal sweat test were diagnosed with CF as often
as patients with borderline sweat test (40% vs 43%), while none of the
patients with low sweat chloride was diagnosed with CF.

When divided according to NPD results, it is noted that in the group
with abnormal NPD results (Exp >0.7) worsening or recurrent symp-
toms were more often seen compared to subjects with an abnormal
sweat test. There also is a larger percentage of CF diagnoses and less

Table 3
5T patient characteristics according to mutations in trans.

patients that were categorized as not having CFTR-related symptoms,
compared to the group with normal NPD. Frequency of CFTR-RD is com-
parable between the groups; 23 versus 20%, (Table 5).

When the patients are divided according to age at presentation, no
important differences appear between the groups concerning sweat
chloride, NPD results or progression of symptoms.

In the group of patients referred because of isolated CBAVD or with-
out symptoms (N = 11), the percentage of patients with worsening
symptoms over time was very low; only 1 patient had new symptoms
in follow up. 3 Of the patients were diagnosed with CFTR-RD after full
workup, none was diagnosed with CF. However, follow up time in this
specific group was relatively short (mean: 3,9 years, range 1,1-14), so
that new symptoms might have been missed in these patients.

TGm status was known in 38 of the patients. Within the group with
known TGm repeats in cis, the groups with a PS-CF causing (or varying
consequences) mutation and without a mutation in trans, were too
small to compare variables between groups with a different TGm
state. In the group of patients with a PI-CF mutation in trans (N = 26)
a cautious comparison is possible however the groups are small: TG11
=4, TG12 = 18, TG13 = 4. The mutation in trans was F508del in all
but 4 patients (1717 4+ 1G > A, 3056delGA, 1259insA and W1282X).

Fewer patients with TG11 had an abnormal NPD compared to those
with TG12 and TG13. TG11 also was associated with lower sweat chlo-
ride, lower percentage of CF diagnoses and less worsening of symptoms
over time (Table 6).

Itis notable that two patient groups do particularly well over time. In
these patients, none had worsening or recurrence of symptoms over
time.

1. Patients with 5T and a PS CF causing mutation or a mutation with
varying clinical consequence in trans (regardless of NPD and sweat
test result).

2. 5T patients with both sweat chloride below 30 mEq/l and normal
NPD results (regardless of the CFTR mutation in trans).

4. Discussion

This study provides the largest cohort of 5T patients that has been
examined systematically. It is an important illustration of the enormous
variety in clinical consequences among patients with a 5T mutation, also
in those who have the same mutation in trans. In addition, we demon-
strate how NPD correlates with genotype, clinical outcome and diagno-
sis and how it can contribute to determining diagnosis and prognosis in
these patients, supplementary to sweat testing.

Due to the retrospective setup of this study, it also faces relevant lim-
itations; it is important to note that the length of follow up is variable
between patients and for some patients has been quite short to accu-
rately tell if symptoms have recurred, worsened of improved. Therefore
diagnosis remained unclear in some patients.

Another limitation, as mentioned earlier, is that data on TG repeats is
not available for all study subjects, especially as in Israel determination

Division according to mutations Group 1: 5T/5TN =6

Group 2: 5T/PICEN = 43

Group 3: 5T/PSCEN =9 Group 4: 5T/? N =28

Mean age in years (range) n.s. 32 (16-63) 26 (1-69)
Gender (% male) n.s. 50% 74%

High sweat test 20% 17%
Borderline sweat test 60% 74%
Percentage abnormal NPD 33% 70%*
Worsening/recurrent symptoms n.s. 17% 21%

CF diagnosis 17%* 54%*
CFTR-RD diagnosis n.s. 17% 27%

35 (8-76) 23 (7-65)
89% 61%

38% 29%

25% 76%

33% 29%*

0% 4%

33% 17%*

22% 21%

n.s.: no significant differences between any of the groups.

Percentage abnormal NPD: significant differences between group 2 and 4 (indicated with *, P = .004).

CF diagnosis: significant differences between group 1, 2 and 4 (indicated with *, P = .016).

CF, CFTR-RD: diagnosis defined by the CF center according to sweat test, NPD, mutation and clinical picture.
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Table 4
5T patient characteristics according to sweat test results.

Division according to sweat test Sweat chloride <30 mEq/IN =9

Sweat chloride 30-59 mEq/I N = 52 Sweat chloride >60 mEq/I N = 18

Mean age in years (range) n.s. 35 (9-66)
Gender (% male) n.s. 75%
Percentage abnormal NPD n.s. 50%
Worsening/ recurrent symptoms n.s. 33%
Diagnosis n.s. CF 0%
CFTR-RD 0%

None 100%

27 (1-76) 23 (6-64)
67% 88%

54% 59%

31% 7%

43% 40%

28% 7%

29% 53%

n.s.: no significant differences between any of the groups.

of TG repeats was not part of standard care. This explains why in 48 pa-
tients TG status is missing. As a result of this, the groups after division
according to TG repeats are too small to achieve a significant conclusion
about the difference between these groups. This limitation is important
as TGm is earlier described as an important influence on splicing in 5T
[9]. In addition, in the group of 28 patients in whom no second mutation
was found (5T/?), there are 18 patients who only underwent panel test-
ing of the most frequent mutations, but had no sequencing. This means
that in those patients, a second mutation may have been missed, to that
this group cannot be viewed as carriers.

This study reflects on patients with 5T who were referred for diag-
nostic evaluation, therefore the patients described are not a representa-
tion of the entire group of persons with a 5T allele; it is likely that there
are many persons carrying a 5T allele, with or without a CFTR mutation
in trans, who do not experience symptoms at all and thus are never re-
ferred to a CF center for evaluation. For our study, we confined our scope
to only the subgroup of 5T patients in whom CF or CFTR-RD diagnosis is
considered, as these can pose relevant dilemmas in CF diagnostic center.

According to our results, NPD has shown to be useful in addition to
the clinical picture to evaluate if the patient is at risk for worsening of
symptoms over time, as it correlates better with outcomes compared
to sweat test or genotype alone. There is very limited availability of ear-
lier published research about NPD results in 5T patients. Kerem et al.
evaluated sweat tests in 5T patients [7]. Segal et al. describe 2 patients
with 5T (with W1282X and D1152H in trans) and recurrent pancreatitis
who had borderline sweat tests and in whom the NPD results were also
abnormal [23].

Noone et al. describe another 2 patients; one 5T homozygous,
with borderline sweat test and.one F508del/5T with abnormal sweat
test. NPD was performed with methods not comparable to our measure-
ments, but is described as indicative for reduced CFTR function [24]. In

Table 5
5T patient characteristics according to NPD results.

Division according to Normal NPD Abnormal NPD
NPD results (exp <0.7), (exp20.7),
N =44 N=42
Mean age in years (range) n.s. 30 (3-69) 23 (1-76)
Gender (% male) n.s. 62% 79%
Mean sweat chloride (mEq/l, SD) n.s. 50 (18) 53 (16)
Group 1: 5T /5T 4 (9%) 2 (5%)
2: 5T /PICF 13 (30%)* 30 (71%)*
3:5T/PS CF 6 (16%) 3(7%)
4:5T)? 21 (48%)* 7 (17%)*
Worsening/recurrent 10%* 31%*
symptoms n.s.
Diagnosis CF (PS or PI) 18%* 62%*
CFTR-RD 20% 23%
Not CFTR related 64%* 15%*

N.s.: no significant differences between the groups.

SD: standard deviation.

Second mutations: significant difference of frequency of 5T/PI CF and 5T/?, (indicated with
* P =.008).

Diagnosis: significant difference of frequency of CF and not CFTR related symptoms, (indi-
cated with *, P = .000).

Worsening/recurrent symptoms: Significant difference of frequency between the groups,
(indicated with *, P = 0,018).

another study by Sharer et al., only one of the included 5T patients
(F508del/5T) underwent NPD. Calculated e(4amil/(aclfree+-4is0)) i thig pa-
tient was normal at 0.58, sweat chloride was 34 mEq/1 [25]. A few other
studies involving 5T patients used NPD testing, however the 5T patients'
results were not mentioned separately from the group they were in-
cluded in [26,27].

These reports show that in patients with 5T mutations, genotype
alone does not accurately define CF-diagnostic state. Similarly, in all
four different genotype groups in our study, the clinical picture varies
from CF to asymptomatic individuals.

The fact that the percentage of patients with an abnormal sweat test
is distinctively higher in group 2, compared to group 1 and 3, stresses
the importance of the effect of the mutation on the second allele to
the CFTR residual function. There is no definite explanation for the
high percentage of abnormal sweat test result in group 4, it is possible
however that in this group based on genotype, an abnormal sweat test
may have been the main reason to still refer the patient for further diag-
nostic evaluation.

In some cases, genotype does provide some prediction of symptom
change over time: patients with a PS or varying clinical consequence
second mutation all were stable or improved during follow up. In all 3
other genotype groups, clinical outcome could not be predicted based
on genotype.

The finding that variation is large within groups with the same geno-
type should not surprise as this is also seen in patient groups with CF ge-
notypes not involving 5T (for example F508del/F508del), caused by
previously established factors such as modifier genes and environmen-
tal factors like infections in early life [6].

In the patient groups with known TG repeats, we found a correlation
between lower TGm and lower sweat chloride as well as more frequent
normal NPDs. This however was not statistically significant, as would be
expected based on the limited group size. It is in line with the earlier
findings that 5T-TG11 preserves more CFTR function than TG12 and
TG13 [5,28,29].

However, patients with 5T-TG11 may develop CF as demonstrated in
our study. This is in accordance with the findings of Magne et al. who
described a patient homozygous for 5T-TG11 without any other CFTR
mutation, who deteriorated around the age of 50 and recovered par-
tially after starting ivacaftor [30]. This highlights the limitation of geno-
type and TGm state alone, as it is not always predictive of CF diagnosis or
phenotype. Moreover, the fact that there are mutation-specific

Table 6
5T patients with a PI CF mutation in trans divided by number of TG repeats.
Division according to TG 5T-TG11 5T-TG12 5T-TG13
repeats (N=4) (N=18) (N=4)
Mean age (range) n.s. 46 (18-66) 27 (3-69) 20 (1-36)
Gender (% male) n.s. 3 (75%) 14 (78%) 4 (100%)
Sweat chloride (mEq/l, SD) n.s. 37 (8) 49 (12) 55 (15)
Abnormal NPD N n.s. 2 (50%) 13 (72%) 3 (75%)
Worsening/recurrent symptoms n.s. 1(25%) 5(28%) 1(25%)
Diagnosis CFn.s. 25% 59% 33%
CFTR-RD n.s. 75% 18% 67%
None n.s. 0% 24% 0%

N.s.: no significant differences between any of the groups.
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treatments for CF and drugs specifically for 5T may become available in
the near future, underlines the importance of a better characterization
of this group of patients.

Interestingly, sweat chloride did not correlate well with clinical out-
comes in the studied group. A group of 17 5T patients was described by
Kerem et al., of which 15 had sweat test results. A wide range of sweat
test results was seen between the patients with no clear correlation
with diagnosis, which is in line with our findings [7]. However, in the
subgroup with a normal sweat chloride (<30 mEq/l) in our study,
none of the patients were diagnosed with CF or CFTR-RD. This suggests
that a sweat test is a valid diagnostic test to rule out CF in this particular
group, taking into account the lower cut-off value to rule out CF.

5. Conclusion

There is much variation in clinical status among 5T patients. TGm
state and NPD measurement help to define the clinical impact in these
patients better than genotype and sweat test alone.

Although not fully discriminative between patients who will remain
stable and patients who will experience worsening or recurrent symp-
toms, our data obtained from this group of 5T patients suggest that
NPD measurement can help in estimating if a patient is at high risk for
worsening of symptoms, and could thus aid the decision if the patient
should attend a CF center.

All patients with a PS-CF mutation in trans and all patients who have
a combination of normal sweat test and normal NPD were stable or im-
proving over time. Therefore we suggest that these patients may not re-
quire follow up in a CF center. In all other 5T patients who are referred
for diagnostic workup, and do not have a 5T/PS-CF genotype or a com-
bination or normal sweat chloride and normal NPD, follow up should
be considered by the physician after extensive diagnostic work up.
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