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Abstract
Background Telomere dysfunction can underly the development of idiopathic pulmonary fibrosis (IPF),
and recent work suggests that patients with telomere syndromes might benefit from treatment with
androgens, such as danazol.
Methods This was a prospective observational cohort study. 50 patients with IPF received off-label
treatment with danazol after they showed progressive disease under treatment with pirfenidone or
nintedanib. The primary outcome was the difference in yearly decline in forced vital capacity (FVC) prior
to (pre) and after (post) start of treatment with danazol.
Results There was no significant difference in FVC-decline between 1 year pre and 1 year post start of
danazol treatment (mean decline pre 395 mL (95% confidence interval (CI) 290–500) compared to post
461 mL (95% CI 259–712); p=0.46; paired t-test). 11 patients (22%) were still on danazol after 1 year, and
39 patients had stopped danazol, mainly because of side-effects (56%) or death (33%). In patients who
were still using danazol after 1 year, FVC-decline significantly slowed down under danazol treatment
(mean pre 512 mL (95% CI 308–716) versus post 198 mL (95% CI 16–380); p=0.04). Median survival
post danazol was 14.9 months (95% CI 11.0–18.8).
Conclusion Danazol as a treatment of last resort in patients with IPF did not lead to slowing of lung
function decline and was associated with significant side-effects. It remains to be determined if earlier
treatment or treatment of specific patient subgroups is beneficial.

Introduction
Idiopathic pulmonary fibrosis (IPF) is a severe lung disease with a median survival of 3 years after
diagnosis [1]. Progressive scarring of the lung leads to increasing breathlessness and eventually death.
Treatment options include the antifibrotic drugs pirfenidone and nintedanib. Both drugs have been shown
to slow disease progression, but do not cure the disease [2, 3]. So, even under antifibrotic treatment
patients progress towards advanced fibrosis, which highlights the need for other medication.

Telomere dysfunction plays an important role in the pathogenesis of IPF [4]. Telomeres are repetitive
nucleotide sequences at the ends of chromosomes. Telomeres shorten with every cell division, and thus
telomeres become increasingly short with age. Critically short telomeres will eventually lead to cellular
senescence or apoptosis [5]. Abnormally short telomeres lead to conditions of accelerated ageing, called
short telomere syndromes. These conditions include dyskeratosis congenita and some forms of bone
marrow failure, as well as IPF [6]. Telomere dysfunction in these patients is the result of a genetic
mutation in a gene encoding a component of the telomere maintenance proteins [6].
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IPF is the most common manifestation of a short telomere syndrome, [6] and mutations in telomere genes
have been found in up to 35% of familial IPF cases and up to 11% of sporadic IPF cases [7, 8]. In
addition, it has been found that a substantial proportion of IPF patients in whom no mutation was found
has decreased telomere length compared to healthy controls and to patients with other chronic lung
diseases [9–11]. In one study, over half of patients with IPF who had no known telomerase mutation did
have short lung telomere length, in the same range as patients with a telomerase gene mutation [12].

Clinical studies in patients with aplastic anaemia or dyskeratosis congenita showed that patients with
telomere-related gene mutations may benefit from androgen therapy [13–19]. The most extensive study to
date reported on the use of danazol in patients with telomere syndromes [20]. Danazol is a synthetic
hormone with light androgenic effects. The study included 27 patients, of whom 10 had overt pulmonary
fibrosis, and two had a primary diagnosis of IPF. Most of the other patients had a primary diagnosis of
aplastic anaemia with secondary pulmonary fibrosis. Patients were treated with oral danazol for 2 years.
The main outcome parameter was peripheral blood telomere length, and this significantly increased during
danazol treatment. Secondary outcome parameters included follow-up of chest computed tomography (CT)
scans, which showed that the pulmonary fibrosis was radiologically stable in all but one patient. Also, the
mean lung function was stable during the study period, whereas there was a mean lung function decline
prior to the study period [20, 21].

Although these findings are promising, the efficacy of danazol for the treatment of patients with IPF is not
yet well known. This study reports on the efficacy of danazol in patients with IPF to whom danazol was
offered as an off-label treatment when there was progressive lung function decline despite treatment with
pirfenidone or nintedanib.

Methods
Study subjects
Patients with IPF who had disease progression under the current standard-of-care, based on lung function
(decline in forced vital capacity (FVC) >5% of predicted) and radiographic testing (worsening of fibrosis
on high-resolution CT scan), and who started treatment with danazol at St. Antonius Hospital were
included. Subjects were included starting in August 2018 up to July 2022. Per local protocol, patients were
not eligible for treatment with danazol in case of severe cardiac, hepatic or renal disease, when they used
statins metabolised by CYP3A4 (statins were switched if needed), when they had an androgen-dependent
tumour (such as prostate cancer), when they had increased thromboembolic risk without adequate
prophylactic measures taken (e.g. anticoagulation use), or when they were pregnant or of childbearing
potential and unwilling to take adequate contraceptive measures during danazol treatment. Patients who
had concomitant (severe) disease that was deemed likely to result in death within 30 days, or precluded the
ability to participate in the study protocol, were also excluded.

All patients underwent clinical screening prior to starting treatment with danazol. This screening included
the drawing of blood for laboratory workup (liver function tests, hormone profile, standard renal,
electrolyte and other general labs, full blood count with differential count, lipid spectrum, prostate specific
antigen (in men)), as well as ultrasound investigation of the liver and reproductive organs and a
thrombophilia screening questionnaire. Repeat laboratory testing was done at 2, 4 and 8 weeks, as well as
at 3, 6, 9 and 12 months. In the course of regular clinical care, follow-up of lung function was scheduled
every 3 months, a chest radiograph was scheduled every 3 or 6 months and a CT scan was scheduled after
12 months.

The starting dose of danazol was 400 mg twice daily. Per local protocol, in case of suspected mild to
moderate adverse effects, the dose was reduced in steps of 200 mg (i.e. to 300 mg twice daily, then to
200 mg twice daily, then to 100 mg twice daily). Step-wise dose reduction was continued until side-effects
are acceptable. If a patient is unable to tolerate a dose of 100 mg twice daily, danazol was discontinued.

Study design
This was a prospective observational cohort study. Danazol was prescribed off-label to patients with IPF
after shared decision making. The study was registered locally under protocol number NL 62034.100.17
and was approved by the local medical ethics committee (MEC-U; study number R17.047). The study was
conducted in accordance with the principles of the Declaration of Helsinki. All patients provided written
informed consent.

All subjects included in the study were followed up for at least 1 year, regardless of withdrawal from
treatment, or until the subject’s death or lung transplant. Patients still on treatment after 1 year of follow-up
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were followed further, while for patients that withdrew from treatment, follow-up ceased 1 year after start
of treatment.

Laboratory investigations
Blood samples were taken around time of diagnosis. Details on leukocyte telomere length measurement
and genetic analyses are provided in the supplementary material.

Statistical analysis
The main study parameter is difference in yearly decline in lung function between the period prior to
danazol treatment and the first year after start of danazol treatment. Secondary outcome parameters are
overall survival, radiological qualification of pulmonary fibrosis at baseline compared to during danazol
treatment, and adverse events during danazol treatment.

For the primary analysis, yearly FVC-decline was compared between the period prior to therapy and the
first year of the study period (i.e. the first year that a patient was receiving danazol) using a paired t-test. In
case of missing data, including when patients had died, FVC-decline after 1 year was imputed using linear
extrapolation of available lung function measurements after start of danazol treatment. When no pulmonary
function testing after the start of danazol was available, FVC-decline after 1 year was imputed using linear
extrapolation of the FVC-decline prior to start of danazol.

Secondary analyses included restricting included patients to those in whom lung function measurements
were available at 12 months and restricting included patients to those who were still using danazol after
1 year. Secondary end points were compared between the period prior to therapy and the treatment period
using paired t-tests, Chi-squared test or Fisher’s exact test, where appropriate. For survival analyses,
log-rank and Cox regression analyses were used, and patients were censored when follow-up ended, when
they underwent lung transplantation, or when they were lost to follow-up. Data analyses were performed
using IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, NY, USA). Linear mixed
model analysis was done using R Statistics.

Results
The total cohort comprised 50 patients. Baseline characteristics at the time of diagnosis and when starting
danazol treatment are provided in table 1. 44 (88%) of the patients were male, 16 (32%) had a first-degree
family member with pulmonary fibrosis, 10 (20%) had a family history suggestive of a telomere syndrome
and four (8%) had extrapulmonary disease suggestive of a telomere syndrome. All patients had received
treatment with either pirfenidone or nintedanib prior to starting treatment with danazol, and 37 patients were
still using pirfenidone or nintedanib when they started treatment with danazol. Patients started treatment
with danazol a median of 2.44 years (interquartile range (IQR) 1.69–3.32) after the diagnosis of IPF.

Leukocyte telomere length at diagnosis was available for 43 patients (86%) and was below the 10th
percentile for age in 22 (51%). Whole exome sequencing, with results filtered for genes related to telomere
syndromes or pulmonary fibrosis, was performed in 36 patients (72%) and revealed a likely pathogenic
variant in six patients (17%) and a variant of unknown significance in nine patients (25%).

Danazol use
Patients received danazol for a median of 134 days (IQR 48–314 days). 39 patients (78%) stopped danazol
prior to having received 1 year of treatment, mainly because of side-effects (56% of patients who stopped)
or death (33% of patients who stopped) (figure 1; table 2). Presumed side-effects of danazol treatment
were observed in 29 patients (58%) and included elevated liver enzymes, malaise, decreased renal function,
myalgia and others (table 3). Dose adjustments were made in 14 patients (28%) and danazol was
temporarily discontinued because of side-effects in 10 patients (20%). There was no significant difference
in terms of side-effects between patients who had leukocyte telomere length below or above the 10th
percentile for age (supplementary table S1), patients with or without any clinical suggestion of a telomere
syndrome (supplementary table S2), or patients who were concurrently using antifibrotics or not
(supplementary table S3).

Lung function course
For all patients, the lung function declined significantly in the year prior to starting danazol, with a mean
FVC-decline of 395 mL (95% confidence interval (CI) 290–500; p<0.001). In the year after starting
danazol, the lung function also declined significantly, with a mean FVC-decline in the year after starting
danazol of 485 mL (95% CI 259–712; p<0.0001; figure 2a). Lung function measurements after the start of
danazol were available in 31 patients, and lung function decline was imputed from lung function decline
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prior to danazol in the remainder. There was no significant difference between FVC-decline in the year
prior to starting danazol and in the year after starting danazol (p=0.46; paired t-test). In a linear mixed
model, including age, sex and FVC at baseline as covariates, FVC-decline under danazol treatment did not
significantly differ from FVC-decline prior to danazol treatment (estimated difference 90 mL (95% CI
−150–330; p-value 0.462)).

FVC-decline in the year after starting danazol was not significantly different between patients who had
leukocyte telomere length below or above the 10th percentile for age (supplementary table S1), or patients
with or without any clinical suggestion of a telomere syndrome (supplementary table S2). When restricting
the analysis to patients in whom lung function measurements were available at 12 months (n=13), there
was no significant difference between FVC-decline in the year prior to starting danazol and in the year
after starting danazol (mean pre 399 mL (95% CI 203–594) compared to post 265 mL (95% CI 74–457);
p=0.32). For patients who were still using danazol after one year (n=11), the rate of FVC-decline was
significantly higher in the year prior to starting danazol than under danazol (mean pre 512 mL (95% CI
308–716) versus post 198 mL (95% CI 16–380); p=0.04; figure 2b).

Radiographic imaging during follow-up was available for 34 patients, including CT scans in 18 patients
(3–12 months after starting danazol). CT scans for 12 patients (67%) showed radiographic progression of

TABLE 1 Baseline characteristics of 50 patients with idiopathic pulmonary fibrosis who started treatment with
danazol

Male sex 44 (88)
Age at diagnosis years 67.6 (61.5–71.1)
Age at start of danazol years 70.0 (66.2–73.8)
First-degree family member with pulmonary fibrosis 16 (32)
Smoking status
Current 3 (6)
Former 39 (78)
Never 8 (16)

FVC % pred at diagnosis 79 (68–87)
FVC % pred at start of danazol 64 (56–80)
DLCOc % pred at diagnosis 45 (37–51)
DLCOc % pred at start of danazol 32 (25–37)
Treatment with antifibrotic agent prior to start of danazol 50 (100)
Nintedanib 44 (88)
Still using nintedanib at start of treatment with danazol 28 (56)
Pirfenidone 29 (58)
Still using pirfenidone at start of treatment with danazol 9 (18)

Leukocyte telomere length# 43 (86)
<10th percentile for age 22 (51)
<1st percentile for age 8 (19)

Whole exome sequencing 36 (72)
Variant of unknown significance in telomere- or pulmonary fibrosis-related gene 10 (28)
Likely pathogenic variant in telomere- or pulmonary fibrosis-related gene 6 (17)

Any clinical suggestion of telomere syndrome 18 (36)
Family history suggestive of telomere syndrome 10 (20)
Extrapulmonary disease suggestive of telomere syndrome 4 (8)
Haematological laboratory abnormalities
Anaemia 6 (12)
Macrocytosis 9 (18)
Thrombocytopenia 3 (6)
Leukopenia 0 (0)

Data are presented as n (%) or median (IQR). Percentages for subgroups calculated based upon the total
number of patients for whom data were available. With whole exome sequencing, one patient was found to
have two variants of unknown significance. Extrapulmonary disease suggestive of a telomere syndrome
included liver cirrhosis in two patients, myelodysplastic syndrome in one patient, and otherwise unexplained
cytopenia in two patients (one patient had cytopenia and liver cirrhosis). Anaemia, macrocytosis,
thrombocytopenia and leukopenia were defined based on local laboratory lower-limit-of-normal levels. Any
clinical suggestion of a telomere syndrome was defined as either a clinical history, family history or laboratory
abnormality suggestive of a telomere syndrome [22]. FVC: forced vital capacity; DLCOc: diffusion capacity of the
lung for carbon monoxide, corrected for haemoglobin level. #: this row indicates in how many patients
leukocyte telomere length prior to starting treatment with danazol was available.
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fibrosis. In addition, radiographic progression of fibrosis was observed on chest radiograph in five patients
for whom no CT scan was available.

Survival
1 year after starting treatment with danazol, 21 patients had died (eight of these patients had stopped
danazol prior to dying), two patients underwent lung transplantation (one patient had stopped danazol prior
to the transplantation) and 23 patients were still followed up (13 of these patients had stopped using
danazol)). Patients who were still alive and using danazol after 12 months did not have significantly
different baseline characteristics from the other patients (table 4). Median survival after start of treatment
with danazol was 14.9 months (95% CI 11.0–18.8); figure 3).

Discussion
In this prospective observational drug study, the use of danazol as a treatment of last resort for patients
with IPF did not lead to slowing of lung function decline. Secondary outcomes, including radiographic
progression and survival, also did not indicate a beneficial effect of danazol. Notably, the patients included
in our study represent a subgroup of patients with an advanced stage of IPF. Prior to the start of danazol,
patients showed a greater mean decline in FVC than observed in both the treatment and placebo arms of
pirfenidone and nintedanib trials in patients with IPF [2, 3]. Median time after diagnosis and before
starting danazol treatment was 2.44 years. After start of danazol, survival in the study cohort was low. It
could be speculated that the patients included already had a too advanced stage of IPF, where the
therapeutic potential for any treatment might have been limited. Therapeutic potential for
telomere-targeting treatments may be higher in earlier stages of the disease. Notably, patients who
remained on danazol for ⩾1 year appeared to have a better DLCOc percentage of predicted at the start of

TABLE 2 Duration of danazol use of 50 patients with idiopathic pulmonary fibrosis and reasons for stopping

Duration of danazol use days, median (IQR) 134 (48–314)
Stopped using danazol <1 year after start, n (%) 39 (78)
Side-effects, n (%) 22 (56)
Deceased, n (%) 13 (33)
Progression of disease, n (%) 3 (8)
Lung transplant, n (%) 1 (3)

Still using danazol >1 year after start, n (%) 11 (22)

Percentages for subgroups calculated based upon the total number of patients for whom data were available.
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danazol and showed a significant decrease in the rate of FVC-decline after 1 year of danazol therapy. This
suggests that earlier start with danazol may have a positive effect.

Previously, danazol was shown to have a beneficial effect on patients with proven short telomere
syndromes [20]. Other than to the advanced stage of IPF, the poor treatment effect might also be related to
the fact that not all study participants had proven telomere dysfunction. Patients were not selected for low
leukocyte telomere length or telomere-related gene mutations, although about half of the study participants
did have leukocyte telomere length <10th percentile for age. When combining signs and symptoms
suggestive for telomere-associated pathology, we found no evidence for their influence on outcome of
danazol therapy. Albeit not statistically significant, when looking at patients who were still alive and using
danazol after 12 months, a nominally higher percentage had leukocyte telomere length <10th percentile for
age compared to other participants. Whether treatment with danazol is beneficial in such a specific
subgroup will be addressed in the ongoing TELO-SCOPE study [23].

In recent years, the evidence for the role of androgens in the regulation of telomerase activity has
increased. Telomere length in different cell lines can be modulated by sex hormones in vitro [24–27].
Oestrogen receptors act directly on the TERT (telomerase gene) promotor, whereas androgens influence
expression of telomerase indirectly [26, 28]. Higher circulating levels of testosterone metabolites and
oestrogen have been associated with longer leukocyte telomere length in healthy volunteers. Furthermore, a
Chinese case–control study found decreased serum testosterone levels in patients with IPF, as well as an
association between shorter leukocyte telomere length and lower serum testosterone levels in patients with
IPF [29]. A recent UK Biobank study found that IPF was more common in females with earlier

TABLE 3 Presumed side-effects of danazol in 50 patients with idiopathic pulmonary fibrosis

Temporarily discontinued because of side-effects, n (%) 10 (20)
Permanently discontinued because of side-effects, n (%) 24 (48)
Dose adjustment made, n (%) 14 (28)
Any side-effects, n (%) 29 (58)
Elevated liver enzymes 10
Malaise 6
Decreased renal function 4
Myalgia 4
Oedema 3
Tiredness 2
Shivering 2
Stomach pain 2
Reduced appetite 2
Weight gain 2
Headache 2
Acne 1
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FIGURE 2 Forced vital capacity (FVC) in patients with IPF prior to, at start and 12 months after treatment with danazol. a) Mean FVC in 50 patients
for the primary analysis at 12 months prior to starting danazol, at start of danazol and 12 months after starting danazol. b) Mean FVC in
11 patients who were still using danazol after 1 year. Whiskers represent 95% confidence intervals. p-values represent differences between FVC at
two time points, and p-slope represents the difference between rates of decline (paired t-test).
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menopause and premature ovarian failure, and in men with lower bioavailable testosterone concentrations.
Furthermore, lower concentrations of sex hormones were associated with faster disease progression. For
both sexes, lower concentrations of sex hormones were associated with shorter leukocyte telomere
length [30]. In addition, anecdotal reports on the beneficial effect of androgen treatment in patients with
pulmonary fibrosis have been published after the study by TOWNSLEY and colleagues [19, 31, 32]. All in
all, androgen treatment does still seem to be a theoretically attractive treatment option for patients with IPF.

TABLE 4 Patient characteristics of 11 patients still alive and using danazol after 12 months compared to the rest of the cohort

Still using danazol at
12 months

Not using danazol at
12 months

p-value

Patients n 11 39
Male sex, n (%) 9 (82) 35 (90) 0.60
Age at start of danazol years, median (IQR) 69.7 (65.8–73.2) 70.1 (66.2–74.0) 0.55
First-degree family member with pulmonary fibrosis, n (%) 4 (36) 12 (31) 0.73
Time after IPF diagnosis before start danazol years, median (IQR) 3.6 (2.2–4.8) 2.3 (1.3–3.0) 0.06
FVC % pred at start, median (IQR) 66 (61–85) 64 (50–79) 0.29
FVC-decline prior to start mL, mean (95% CI) 470 (360–590) 260 (80–600) 0.14
DLCOc % pred at start, median (IQR) 37 (28–43) 32 (24–36) 0.11
Still using antifibrotic agent, n (%) 9 (82) 28 (72) 0.70
Still using nintedanib at start of treatment with danazol, n (%) 7 (78) 21 (75) 1.00
Still using pirfenidone at start of treatment with danazol, n (%) 2 (22) 7 (25) 1.00
Leukocyte telomere length, n (%)# 10 (91) 33 (85) 1.00
<10th percentile for age, n (%) 7 (70) 15 (45) 0.28
<1st percentile for age, n (%) 2 (20) 6 (18) 1.00

Whole exome sequencing, n (%) 10 (91) 26 (67) 0.15
Variant of unknown significance in telomere- or pulmonary
fibrosis-related gene, n (%)

2 (20) 8 (31) 0.69

Likely pathogenic variant in telomere- or pulmonary fibrosis-related
gene, n (%)

1 (10) 5 (19) 0.65

Any clinical suggestion of telomere syndrome, n (%) 3 (27) 15 (38) 2
Family history suggestive of telomere syndrome, n (%) 1 (9) 9 (23) 0.42
Extrapulmonary disease suggestive of telomere syndrome, n (%) 1 (9) 3 (8) 1.00

Patients not using danazol because they underwent lung transplantation or because they did not yet complete the first year of follow-up were
excluded from this analysis. Percentages for subgroups calculated based upon the total number of patients for whom data were available. IPF:
idiopathic pulmonary fibrosis; FVC: forced vital capacity; DLCOc: diffusion capacity of the lung for carbon monoxide, corrected for haemoglobin level.
#: this row indicates in how many patients leukocyte telomere length prior to starting treatment with danazol was available.
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Presumed side-effects of danazol were common in this study, as was the case in the study by TOWNSLEY

and colleagues [20]. However, in our study a higher percentage of patients stopped treatment due to
side-effects (42% in our study versus 19% in the previous study). Although the side-effect profile seemed
similar, we hypothesise that in our study, because danazol was used as a treatment of last resort,
side-effects might have been less acceptable to patients and treating physicians. Second, most patients used
danazol as an add-on treatment and were already receiving treatment with antifibrotics. Some side-effects
of antifibrotics overlap with the side-effects that we found, although concurrent antifibrotic use was not
associated with a higher chance of side-effects in this study. We found no difference in lung function
decline pre and post start of danazol suggesting that treatment did not progress disease or influence
survival in the total group of patients.

Limitations other than those discussed above include the fact that this was not a randomised controlled trial
and the absence of longitudinal data on leukocyte telomere length. Furthermore, there was missing data,
which means that part of the data on the primary outcome had to be imputed, either based on FVC-decline
prior to start of danazol, or based on FVC-decline after 3, 6 or 9 months under danazol. The missing data
were partly related to the fact that patients with end-stage IPF did not come to the hospital as frequently
and because a significant proportion of the study participants died prior to having completed 1 year
follow-up and were therefore not missing at random.

In conclusion, in this study of 50 patients with IPF who showed evidence of disease progression despite
treatment with pirfenidone or nintedanib, add-on treatment with danazol did not lead to slowing of lung
function decline. Lung function decline pre- and post-treatment was worse than that in previous trials.
Side-effects necessitated stopping treatment in 42% of patients. Whether earlier treatment or treatment of
specific subgroups of patients with IPF would be beneficial remains to be determined.
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