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Abstract

Rationale: Elexacaftor/tezacaftor/ivacaftor (ELX/TEZ/IVA) has
been shown to be safe and efficacious in people with cystic fibrosis
(pwCF) aged 2 years and older with at least one F508del-CFTR allele
or more. After U.S. approval in 2019, reports emerged of depression-
related adverse events in pwCF treated with ELX/TEZ/IVA.

Objectives: To review available evidence on depression-related
events in pwCF treated with ELX/TEZ/IVA in the context of
background epidemiology in pwCF.

Methods: Safety data from 14 ELX/TEZ/IVA clinical trials and
10 trials of CF transmembrane conductance regulator (CFTR)
modulators in which placebo was administered, along with data
from CF registries in the United States and Germany and
cumulative postmarketing adverse event data from 61,499 pwCF
who initiated ELX/TEZ/IVA after initial approval in the United
States (October 2019) through October 2022, were reviewed and
used to calculate exposure-adjusted rates of depression-related
adverse events and prevalence of depression. In addition, a
scientific literature review was conducted to identify ELX/TEZ/
IVA publications reporting depression-related events or changes
in depressive symptoms after treatment initiation.

Measurements and Main Results: In clinical trials, the
exposure-adjusted rate of any depression-related adverse event
was 3.32/100 person years (PY) in the pooled ELX/TEZ/IVA
group (n= 1,711) and 3.24/100 PY in the pooled placebo group

(n= 1,369). The exposure-adjusted rates of suicidal ideation and
suicide attempt were also similar between the pooled ELX/TEZ/
IVA group and pooled placebo group (ideation: 0.23/100 PY vs.
0.28/100 PY; attempt: 0.08/100 PY vs. 0.14/100 PY). In the
postmarketing setting, the exposure-adjusted reporting rates of
depression-related events were low in context of the background
prevalence in pwCF (all depression-related events: 1.29/PY;
suicidal ideation: 0.12/100 PY; and suicide attempt: 0.05/100 PY).
Assessments of individual case reports were confounded by
preexisting mental health conditions, intercurrent psychosocial
stressors (including coronavirus disease [COVID-19] lockdowns), and
the heterogeneous and fluctuating nature of depression. Data from CF
registries in the United States and Germany showed that patterns of
depression prevalence in pwCF exposed to ELX/TEZ/IVA did not
change after treatment initiation. Published studies utilizing the nine-
item Patient Health Questionnaire did not show evidence of
worsening depression symptoms in pwCF treated with ELX/TEZ/IVA.

Conclusions: Our review of data from clinical trials,
postmarketing reports, an ongoing registry-based ELX/TEZ/IVA
postauthorization safety study, and peer-reviewed literature
suggests that depression symptoms and depression-related events
reported in pwCF treated with ELX/TEZ/IVA are generally
consistent with background epidemiology of these events in the
CF population and do not suggest a causal relationship with
ELX/TEZ/IVA treatment.
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Cystic fibrosis (CF) is an autosomal recessive
disorder that results frommutations in the
CF transmembrane conductance regulator
(CFTR) gene (1). Over the past decade, the
advancement of small-molecule CFTR
modulator therapies has changed the CF
treatment landscape (2). CFTR potentiators,
such as ivacaftor (IVA), act by augmenting
the gating of mutant CFTR proteins, whereas
CFTR correctors, such as tezacaftor (TEZ)
and elexacaftor (ELX), act by remedying the
defects in CFTR protein processing and
trafficking associated with CFTRmisfolding
mutations, including F508del, the most
common CFTRmutation present on at least
one allele in up to 90% of people with CF
(pwCF) in many parts of the world (3–7).

Clinical trials have shown that the
triple-combination CFTRmodulator
regimen ELX/TEZ/IVA is safe and
efficacious in pwCF ages 2 years and older
who have at least one F508del allele (8–13),
leading to robust and clinically meaningful
improvements in lung function, CFTR
function, and respiratory symptoms. Longer-
term data from a 192-week open-label
extension study of ELX/TEZ/IVA showed
that lung function improvements were
sustained with nomean decline in
pulmonary function (14), whereas real-
world data showed profound decreases
in pulmonary exacerbations, lung
transplantation, andmortality (15). Taken
together, these findings have established
ELX/TEZ/IVA as a standard of care in
countries where it has been approved for use.

After theUnited States granted approval
of ELX/TEZ/IVA in 2019, several published
case reports and studies described depression-
related events in pwCFwho took ELX/TEZ/
IVA (16–21).When evaluating these reports,
it is important to account for the well-
acknowledged high background prevalence of
depression symptoms and depression-related
events (suicidal ideation, attempts) in the CF

population, with the prevalence of depression
symptoms estimated to be two to three times
higher than that in the general population (22,
23). Elevated rates of suicidal ideation have
also been reported in pwCF, with a prevalence
of up to 11% in adults and even higher (up to
22%) in adolescents (24–26). Recognizing the
importance ofmonitoringmental health in
pwCF, in 2016, theU.S. Cystic Fibrosis
Foundation, in collaborationwith the
EuropeanCystic Fibrosis Society, developed
clinical guidelines for the screening and
treatment of depression and anxiety (27).
Finally, market availability of ELX/TEZ/IVA
coincidedwith the onset of the coronavirus
disease (COVID-19) pandemic, when
multiple reports described the detrimental
impact of the pandemic and associated
lockdowns onmental health in the general
population, suggesting amore than threefold
higher prevalence of depression and an
approximately twofold higher prevalence of
suicidal ideation at the peak of the pandemic
comparedwith that during the prepandemic
period (28–30).

To better understand the incidence of
depression symptoms and depression-related
events in pwCF treated with ELX/TEZ/IVA
in the context of background epidemiology,
we systematically reviewed and evaluated
depression-related data in individuals taking
ELX/TEZ/IVA from clinical trials,
postmarketing reports, an ongoing registry-
based study, and available scientific literature.

Methods

Data sources for this review included clinical
trials of ELX/TEZ/IVA in pwCF ages 6 years
and older, postmarketing reports, interim
results from an ongoing registry-based ELX/
TEZ/IVA postauthorization safety study, and
peer-reviewed literature.

All authors contributed to the design of
this review, had access to and reviewed
clinical trial and postmarketing data,
critically edited the manuscript, and
approved it for submission.

Clinical Trials
The standardizedMedical Dictionary for
Regulatory Activities query “Depression and
suicide/self-injury” was used to identify and
analyze depression-related adverse events in
CFTRmodulator clinical trials. Use of this
validated query, which contains multiple
preferred terms related to depression and
suicide/self-injury, provided a means to
identify safety signals in the CFTR
modulator clinical trial datasets. Exposure-
adjusted rates of depression-related adverse
events (including suicidal ideation and
suicide attempts) were calculated per 100
person years (PY) of exposure in the ELX/
TEZ/IVA and placebo arms of the pivotal
Phase 3 Study 445–102. In addition, rates of
depression-related events were calculated for
the pooled population of patients ages 6 years
and older who received ELX/TEZ/IVA
across 14 clinical trials (see Table E1 in the
online supplement) and were compared with
rates for the pooled population of patients
ages 6 years and older who were randomized
to placebo across 10 randomized, placebo-
controlled trials of CFTRmodulators (see
Table E2 in the online supplement). In all
ELX/TEZ/IVA clinical trials where safety was
a primary endpoint, sample sizes were
deemed sufficient such that the probability of
observing at least one participant with an
adverse event that had an incidence of 5% or
10% was.94% or.99%, respectively.

Postmarketing Reports
Adverse events experienced by pwCF while
taking commercially available ELX/TEZ/
IVA are reported to the sponsor safety
database. Using the standardizedMedical
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Dictionary for Regulatory Activities query
“Depression and suicide/self-injury,” we
conducted a search of the Vertex
Pharmaceuticals global safety database to
identify relevant postmarketing cases that
were received through October 20, 2022.
Reporting rates were calculated as the

number of reported events per 100 PY of
postmarketing exposure.

Registry-based Postauthorization
Safety Study
Depression prevalence data were reviewed
from the second interim analysis of the
ongoing registry-based, 5-year
postauthorization safety study
(VX20–445–120). This study is being
conducted as a commitment to the European
Medicines Agency to understand the long-
term effects of ELX/TEZ/IVA under real-
world use conditions (European Union
electronic Register of Post-Authorisation
Studies, or EU PAS, register number 43022).
Data are being collected from the U.S. Cystic
Fibrosis Foundation Patient Registry and
German Cystic Fibrosis Registry for pwCF
who initiate ELX/TEZ/IVA treatment during
patient accrual periods (United States:
2019–2020; Germany: 2020–2021).
Posttreatment patterns in depression
prevalence (calculated as the annual
proportion of pwCF with depression noted
as a complication in the registry) were
compared within a 5-year pretreatment
period. The second interim analysis included
data through December 31, 2021.

Review of Published Literature
A search of published literature using the
Medline and Embase databases was
conducted on October 4, 2023, to identify case
reports, case series, or cohort studies
describing the occurrence of depression
events after the initiation of ELX/TEZ/IVA
treatment (additional details on the literature
search and PRISMA diagram can be found
in the online supplement). Studies that
systematically evaluated depression
symptoms using validated patient-reported
instruments, such as the 9-item Patient Health
Questionnaire (PHQ-9), were summarized.

Results

Depression-related Events in
Clinical Trials
In the Phase 3 pivotal study 445–102, which
formed the basis of the safety profile for
ELX/TEZ/IVA, the exposure-adjusted rate
of depression-related adverse events was 2.0
per 100 PY for those taking ELX/TEZ/IVA
and 5.0 per 100 PY in those given placebo
(Table 1). An integrated analysis of pooled
clinical trial data showed the exposure-
adjusted rate of depression-related adverse

events was 3.32 per 100 PY in the pooled
ELX/TEZ/IVA group (n=1,711 across 14
trials) and was 3.24 per 100 PY in the pooled
placebo group (n=1,369 across 10 trials)
(Table 1). Overall, three cases of suicide
attempts (0.08 events per 100 PY) and nine
cases of suicidal ideation (0.23 events per 100
PY) were reported in the pooled ELX/TEZ/
IVA group compared with one case of
suicide attempt (0.14 events per 100 PY) and
two cases of suicidal ideation (0.28 events per
100 PY) in the pooled placebo group. No
completed suicides were reported in the
clinical trials. Of the 12 cases of suicide attempt
or suicidal ideation reported in the ELX/TEZ/
IVA group, 11 resolvedwith continued ELX/
TEZ/IVA treatment, and in the remaining
case, the participant was not taking ELX/TEZ/
IVA at the time of the event onset.

Postmarketing Reports of
Depression-related Events
A search of the Vertex Pharmaceuticals
global safety database identified 899 cases
reporting 1,056 depression-related adverse
events out of 61,499 pwCF treated with
ELX/TEZ/IVA (representing over 82,053
PY) (Table 2). Overall, this represents an
exposure-adjusted rate of 1.29 depression-
related adverse events per 100 PY (Table 2).
The exposure-adjusted rates of suicidal
ideations, suicide attempts, and completed
suicides were 0.12 events per 100 PY, 0.05
events per 100 PY, and 0.02 events per 100
PY, respectively. Individual cases generally
included limited information in a narrative
format without objective psychiatric
assessment and were confounded by
preexisting mental health conditions,
intercurrent psychosocial stressors, and the
heterogeneous and fluctuating nature of
depression.

ELX/TEZ/IVA Registry-based
Postauthorization Safety Study
In the ELX/TEZ/IVA postauthorization
safety study, data on depression prevalence
in pwCF taking ELX/TEZ/IVA were
recorded by CF center physicians during
each of the pretreatment years (5 yr) and
each of the years after ELX/TEZ/IVA
initiation (2 yr) in the U.S. CF registry cohort
(N = 11,651) and German CF registry cohort
(N=1,141). The annual change in depression
prevalence after ELX/TEZ/IVA initiation was
consistent with the annual change observed
during the 5-year period before starting ELX/
TEZ/IVA in both registries, although
differences in prevalence estimates were

At a Glance Commentary

Scientific Knowledge on the
Subject: After U.S. approval of the
use of elexacaftor/tezacaftor/ivacaftor
(ELX/TEZ/IVA) in adolescents and
adults with CF, reports emerged of
depression-related adverse events
(AEs) in individuals treated with
commercially available ELX/TEZ/IVA.

What This Study Adds to the
Field: We summarized and reviewed
safety data on depression-related
events from completed ELX/TEZ/IVA
clinical trials, an ongoing ELX/TEZ/
IVA postauthorization safety study
using registry data, postmarketing
safety reports, and published
literature. In clinical trials, exposure-
adjusted rates of depression-related
AEs in people with CF (pwCF)
taking ELX/TEZ/IVA were similar to
rates seen in those given placebo.
Postmarketing reports of depression-
related events were low in the context
of the high background prevalence
of these events in pwCF, with
assessments of individual cases
confounded by preexisting mental
health conditions, intercurrent
psychosocial stressors (including
coronavirus disease [COVID-19]),
and the heterogeneous and
fluctuating nature of depression.
Registry data showed that patterns of
depression prevalence did not change
after initiation of ELX/TEZ/IVA
treatment. Finally, published studies
with validated instruments did not
indicateworsening of depression
symptomswith ELX/TEZ/IVA
treatment. These data suggest that
depression-related events observed
in pwCF taking ELX/TEZ/IVAare
generally consistentwith background
epidemiology of these events in the
CFpopulation.

ORIGINAL ARTICLE

Ramsey, Correll, DeMaso, et al.: ELX/TEZ/IVA and Depression-related Events 301



observed between the regions that could be
due to differences in the background rates of
depression and depression diagnoses in the
United States and Germany (Figure 1). The
U.S. and German CF registries do not collect
data on suicidal ideation and suicide
attempts but may record suicide as a cause of
death. No suicide deaths were reported in the
smaller German CF registry cohort, and the
rate of suicide deaths in the larger U.S. CF
registry cohort was 0.01 events per 100 PY.

Literature Search for ELX/TEZ/IVA
and Depression-related Events
Overall, a literature search identified
publications that fell into one of the
following categories: individual case reports
of depression-related events, including
suicidal ideation and attempts (16, 18, 31);
cohort studies reporting depression-related
events in some cohort participants (19–21),
and studies using the validated depression
instrument PHQ-9 or the eight-item PHQ
(PHQ-8) to evaluate changes in depression
symptoms before and after ELX/TEZ/IVA
initiation (Table 3), as well as studies using

any other validated instruments (e.g., the
Center for Epidemiologic
Studies–Depression Scale) (32).

For the individual case reports,
assessments of any causal role of ELX/TEZ/
IVA were confounded by preexisting mental
health conditions; intercurrent psychosocial
stressors, including the coronavirus disease
(COVID-19) pandemic; the heterogenous
and fluctuating nature of depression; and the
lack of objective evidence. For instance,
Arslan and colleagues reported two cases of
suicide attempt in adolescents treated with
ELX/TEZ/IVA, both of whom attended
online schooling in 2020–2021 (the
pandemic period) and reported a decline in
grades. In addition, one of the cases had
reported marijuana abuse, a family history of
depression, declining mood since the
beginning of the pandemic, and parent-
reported concerns over a new peer group
associated with worsening mood (18).
Tindell and colleagues reported a case of
worsening mood and passive suicidal
ideation in a young adult treated with ELX/
TEZ/IVA who had a history of generalized

anxiety disorder, social anxiety disorder,
major depressive disorder, attention
deficit/hyperactivity disorder, and sleep
paralysis and who also reported that their
worsening mood and suicidal thoughts were
related to interpersonal conflicts in a
relationship (16). Hufton and colleagues
additionally reported on a case of an
adolescent who struggled with mental health
issues since the start of the COVID-19
pandemic that escalated during lockdowns
and who subsequently started ELX/TEZ/IVA
treatment in late 2020 (31).

Similarly, assessment of the causal role
of ELX/TEZ/IVA was challenging in the
cohort studies reporting depression-related
events in some participants (including those
leading to treatment discontinuation or dose
adjustments) because of the limited case-level
information, confounding factors, and lack
of control population or period. For instance,
Spoletini and colleagues described the single-
center experience of 262 pwCF treated with
ELX/TEZ/IVA, 19 of whom reported
deterioration of mental health, including low
mood; 12 of 19 (63%) had a medical history
of anxiety and depression and received
regular psychology input before ELX/TEZ/
IVA treatment (20). In another single-center
study of 148 pwCF treated with ELX/TEZ/
IVA, 31 were referred to psychiatric
evaluation (all with a medical history of
psychiatric diagnoses, including depression).
After therapy initiation, 15 of 31 participants
had either clear improvement, no change, or
worsening of neuropsychiatric symptoms
consistent with their preexisting diagnosis,
and 16 participants were deemed to have new
orworsening symptoms that were unexpected
in the context of their psychiatric history and
probably related to ELX/TEZ/IVA (21).

Table 2. Incidence of Depression and Depression-related Adverse Events in
ELX/TEZ/IVA Postmarketing Reports

Preferred Term Number of Events Reporting Rate/100 PY

Any depression AE 1,056 1.3
Suicide attempt 98 0.12
Suicidal ideation 38 0.05
Completed suicide 14 0.02

Definition of abbreviations: AE=adverse event; CF=cystic fibrosis; ELX/TEZ/IVA=elexacaftor/
tezacaftor/ivacaftor; PY=person years.
The cumulative exposure (e.g., number of people with CF taking ELX/TEZ/IVA who could
report an event) in the postmarketing setting was 61,449 patients (82,053 PY) through October
20, 2022.

Table 1. Incidence of Depression and Depression-related Adverse Events in ELX/TEZ/IVA Pivotal Phase 3 Trial (Study 445-102)
and Pooled Clinical Trial Data

Event

Pivotal Study 445-102 Pooled Data

Placebo
(n=201),
100 PY

Events/100 PY

ELX/TEZ/IVA
(n=202),
100 PY

Events/100 PY

Placebo*
(n=1,369),
709 PY

Events/100 PY

ELX/TEZ/IVA†

(n=1,711),
3,857 PY

Events/100 PY

Any depression AE 5.0 2.0 3.24 3.32
Suicide attempt 0 0 0.14 0.08
Suicidal ideation 1.00 0 0.28 0.23
Completed suicide 0 0 0 0

Definition of abbreviations: AE=adverse event; ELX/TEZ/IVA=elexacaftor/tezacaftor/ivacaftor; PY=person years.
*The placebo column includes data from 10 studies in the VX-445, VX-659, VX-809, VX-661, and VX-770 programs in participants 6 yr and older
(see online supplement for the list of included trials).
†The ELX/TEZ/IVA column contains data from 14 completed studies in participants 6yr and older (see online supplement for the list of included trials).
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However, insufficient individual case-level
details limited the ability to perform
comprehensive assessment of these cases.

Last, we identified 12 studies (three
published articles and nine congress

presentations) that assessed changes in the
relationship between depression symptoms
and initiation of ELX/TEZ/IVA in pwCF,
using the well-established PHQ-9 (one study
used the PHQ-8), which is designed

specifically to assess the severity of
depression symptoms (Table 3). These
studies, which involved 951 pwCF and
reflected real-world experiences with up to
12 months of follow-up, did not indicate any

Figure 1. Prevalence of depression reported in the elexacaftor/tezacaftor/ivacaftor (ELX/TEZ/IVA) postauthorization safety study (PASS)
longitudinal cohort before and after initiation of ELX/TEZ/IVA use. (A and B) Results using data from people with cystic fibrosis (pwCF) in the
U.S. Cystic Fibrosis Foundation Patient Registry (A) and the German Cystic Fibrosis Registry (Mukoviszidose eV) (B). Time periods include
5 years before ELX/TEZ/IVA initiation and 2 years (Year 1 and Year 2) after starting ELX/TEZ/IVA treatment. Change in prevalence of depression
from the previous year is indicated in blue. COVID-19=coronavirus disease.

Table 3. Literature Search Results Showing Changes in PHQ-9 Scores After the Initiation of ELX/TEZ/IVA Treatment in People
with CF

Author, Year
(Reference No.) Country Age N

Follow-up
Assessment

Duration After ELX/
TEZ/IVA Treatment

Change in PHQ-9
Scores After ELX/
TEZ/IVA Initiation

Borawska-Kowalczyk,
2023 (36)

Poland Not specified
(abstract)

52 3mo No change

Ergenekon, 2023 (37) Turkey 11–22 yr (median,
18 yr)

86 6mo Decrease

Graziano, 2023 (38) Italy 12–59 yr (mean,
25.4 yr)

92 1, 3, and 6mo Decrease

Piehler, 2023 (33) Germany Median, 27.9 yr
(IQR, 22.5–34.1)

70 2–4mo Decrease

Blackwelder, 2022 (39) United States Adult 172 12mo Decrease
Zhang, 2022 (40) United States Mean, 35.3611.3 yr 100 12mo No change
Vance, 2021 (41) United States 12–20 yr 62 3, 6, 9, and 12mo No change
Pudukodu, 2021 (42) United States >18 yr 39 Not specified No change
George, 2020 (43) United States Pediatric 14 1, 3, and 6mo Decrease
Sakon, 2022 (35) United States Mean, 29612 yr 56 3–6mo Decrease (median:

21.11)
Dell, 2022 (44) United States Adolescents and

adults
184 1, 3, 6, 9, and 12mo Decrease

Allgood, 2021 (45) United States Median, 35.6 yr 24 98 d No change

Definition of abbreviations: CF=cystic fibrosis; ELX/TEZ/IVA=elexacaftor/tezacaftor/ivacaftor; IQR= interquartile range; PHQ-9=nine-item Patient
Health Questionnaire.
A literature search identified published studies (n=3) and congress presentations (n=9) that used the PHQ-9 assessment tool to evaluate
changes in depression symptoms after starting ELX/TEZ/IVA treatment.
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systematic increases (i.e., worsening) in
PHQ-9 scores on average, demonstrating
either no change or a decrease (i.e.,
improvement) in assessed PHQ-9 (or PHQ-
8) scores after ELX/TEZ/IVA initiation
(Table 3). Notably, one of those studies, a
prospective observational cohort of 70 adults
with CF treated with ELX/TEZ/IVA in
Germany, reported a trend toward a decrease
in patients describing suicidal ideation:
Before therapy initiation, four patients
(5.6%) reported suicidal ideation on the
PHQ-9, and after therapy initiation, only one
patient (1.4%) reported suicidal ideation
(33). One additional study of 84 adults with
CF reported no significant change in
score on the Center for Epidemiologic
Studies–Depression Scale after 6 months post
ELX/TEZ/IVA initiation (32). Finally, a
recent 6-year retrospective longitudinal study
of 150 pwCF ages 12 to 22 years
demonstrated that, at the population level,
the use of more effective modulator therapies
such as ELX/TEZ/IVA was associated with
lower PHQ-9 scores (34).

Discussion

Evaluation of depression-related events in
pwCF treated with ELX/TEZ/IVA is
challenging and needs to account for the
high background rates of depression
symptoms in the CF population, the
heterogeneous and fluctuating nature of
these events, and the impact of psychosocial
stressors (including the COVID-19
pandemic) and other confounding factors.
Additionally, the transformative clinical
benefit of ELX/TEZ/IVAmay change the life
perspectives of pwCF, which could impact
their psychological well-being.

In this review, the totality of data on
depression-related events from the
completed ELX/TEZ/IVA clinical trials,
postmarketing safety reports, a registry-based
postauthorization safety study, and published
literature suggested that depression-related
events observed in pwCF taking ELX/TEZ/
IVAwere generally consistent with the
background rate of these events in the CF
population.

The high background prevalence of
mental health disorders, including
depression-related events in pwCF, is well
acknowledged. In the International
Depression Epidemiological Study
conducted by Quittner and colleagues before
the market availability of ELX/TEZ/IVA and

including data from 6,088 pwCF ages
12 years and older across nine countries,
5–19% of adolescents and 13–29% of adults
had elevated symptoms of depression, two to
three times higher than in community
samples (22). Similarly, in a meta-analysis of
94 articles that were published between 1989
and 2020, depression prevalence in
adolescents with CF ages 12–18 years was
estimated at 18.7% (95% confidence interval
[CI], 12.8–25.3%); in adults with CF, it was
estimated at 27.2% (95% CI, 23.6–31.0%)
(23). Elevated rates of suicidal ideation have
been reported in pwCF, with a prevalence of
up to 11% in adults and even higher (up to
22%) in adolescents (24–26). Although
evidence is more limited for completed
suicides in the CF population, registry
data suggest that, although relatively rare,
these events have been observed annually;
for instance, in 2018 (the year before ELX/
TEZ/IVA was available), five of the 30,922
(0.02%) pwCF in the U.S. Cystic Fibrosis
Foundation patient registry died by
committing suicide.

In addition, multiple reports noted
increases in depression prevalence in the
general population during the COVID-19
pandemic, compared with that during the
prepandemic period (28–30). In a
representative sample of U.S. adults, 24.3%
reported symptoms of depression in June
2020, compared with 6.5% in the second
quarter of 2019, suggesting a prevalence of
depression more than threefold higher
during the pandemic. In the same study,
serious thoughts of suicide were reported by
10.7% of survey participants in June 2020
versus 4.3% in 2018 (a prevalence about
twofold higher). Although robust data on
the impact of the pandemic on the CF
population are scarce, it is expected that
pwCF were similarly impacted. For instance,
in a survey of 82 pwCF that was performed
in 2022, 40% of responders felt that
COVID-19 contributed to worsening mental
health, including depression (35).

In this context, the integrated review of
data from clinical trials showed that rates of
depression-related adverse events, including
suicidal ideation and suicide attempts, were
relatively low and were similar between the
participants who received ELX/TEZ/IVA
and those who received placebo. Similarly,
reported rates of depression-related events in
pwCF treated with ELX/TEZ/IVA, including
suicidal ideation and attempts, in the
postmarketing setting were low in context of
the background prevalence of these events in

pwCF before ELX/TEZ/IVA approval, and
the rate of completed suicide postmarketing
(0.02/100 PY) was consistent with the U.S.
CF registry rate before the commercial
availability of ELX/TEZ/IVA (0.02% in
2018). Furthermore, postmarketing case
reports generally included limited
information, and assessments were
confounded by preexisting mental health
conditions, intercurrent psychosocial
stressors, the heterogenous and fluctuating
nature of depression, and lack of formal
psychiatric assessments.

After approval of ELX/TEZ/IVA, a
long-term, postauthorization safety study
was initiated to collect and analyze data from
pwCF in the U.S. and German CF registries.
An interim analysis of the first 2 years of this
study showed that the annual change in
depression prevalence after ELX/TEZ/IVA
initiation was consistent with the annual
change observed during the 5-year period
before ELX/TEZ/IVA initiation in both
registries. It is notable that the pattern in
depression prevalence after ELX/TEZ/IVA
initiation remained unchanged despite the
COVID-19 pandemic coinciding with the
posttreatment period. No suicide deaths were
reported in the smaller German cohort in the
study, and the rate of suicide death in the
larger U.S. cohort was 0.01 events per 100
PY, consistent with the U.S. registry rate
before the commercial availability of ELX/
TEZ/IVA (0.02%) in 2018. These results
suggest that patterns of depression-related
events in pwCF taking ELX/TEZ/IVA are
consistent with the background
epidemiology in the CF population.

As part of this review, we identified 12
published articles and congress presentations
that utilized the well-validated PHQ-9 (or
PHQ-8) to evaluate depression symptoms
both before and after ELX/TEZ/IVA
initiation in more than 951 pwCF (33,
35–45). These studies found that, on average,
PHQ-9 (or PHQ-8) scores either decreased
(indicating an improvement in depression
symptoms) or showed no change after ELX/
TEZ/IVA initiation.

There are limitations inherent to the
data sources evaluated in the present review.
Data on depression-related events in clinical
trials came from adverse event reports and
not from formal assessments using
standardized tests such as the PHQ-9. In
contrast to clinical trials in which there is
complete reporting of adverse events, it is
likely that there is underreporting of events
in the postmarketing setting, with individual
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case reports generally including limited
information in a narrative format without
objective psychiatric assessment. Given the
high background rates of depression
symptoms in pwCF and the fluctuating
nature of depression, as well as other
confounding factors, the evaluation of
causality for individual postmarketing
adverse events is challenging. Data from CF
patient registries included depression
reported as one of CF’s complications on the
basis of clinician assessment rather than
patient-reported assessment using
standardized measures. In addition, the
number of ELX/TEZ/IVA interruptions or
discontinuations caused by depression-
related events in the registry-based study is
not known and could impact trends in event
rates. Although some of the ELX/TEZ/IVA
clinical trials used for this analysis included
children ages 6 years and older, there are very
limited data on depression symptoms in
young children with CF, as there are few

established measures to assess depression
symptoms in younger children, making the
interpretation of the background rates in this
age group challenging. Finally, this study
specifically assessed the incidence of
depression, depression symptoms, and
depression-related events in pwCF taking
ELX/TEZ/IVA in the context of background
epidemiology, but the incidence of other
behavioral andmental health issues that also
have higher prevalence in pwCF than the
general population, such as anxiety, could be
a focus for further study.

ELX/TEZ/IVA provides transformative
benefits in pwCF, with improvements in lung
function, pulmonary exacerbations, and
respiratory symptoms, along with significant
reduction in lung transplantations and
improvement in survival. Depression is a
common and serious comorbidity in pwCF
that requires careful evaluation and
management. Although depression has been
reported in pwCF treated with ELX/TEZ/

IVA, data from clinical trials, postmarketing
reports, an ongoing registry-based study, and
published peer-reviewed literature suggest
that people taking ELX/TEZ/IVA have rates
of depression-related adverse events that are
consistent with background epidemiology of
depression in the CF population and do not
suggest a causal relationship between ELX/
TEZ/IVA treatment and depression-related
adverse events.�
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