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ABSTRACT
Background Idiopathic pulmonary ﬁbrosis (IPF) is a
fatal condition with limited treatment options. However,
in a previous small study, co-trimoxazole was found to
be beneﬁcial.
Methods In a double-blind multicentre study, 181
patients with ﬁbrotic idiopathic interstitial pneumonia
(89% diagnosed as deﬁnite/probable IPF) were
randomised to receive co-trimoxazole 960 mg twice daily
or placebo for 12 months in addition to usual care.
Measurements were made of forced vital capacity (FVC)
( primary endpoint), diffusing capacity of carbon monoxide
(DLCO) and EuroQol (EQ5D)-based utility, 6-minute walk
test (6MWT) and Medical Research Council (MRC)
dyspnoea score (secondary endpoints). All-cause mortality
and adverse events were recorded (tertiary endpoints).
Results Co-trimoxazole had no effect on FVC (mean
difference 15.5 ml (95% CI −93.6 to 124.6)), DLCO
(mean difference −0.12 mmol/min/kPa (95% CI 0.41 to
0.17)), 6MWT or MRC dyspnoea score (intention-to-treat
analysis). The ﬁndings of the per-protocol analysis were
the same except that co-trimoxazole treatment resulted in
a signiﬁcant improvement in EQ5D-based utility (mean
difference 0.12 (95% CI 0.01 to 0.22)), a reduction in
the percentage of patients requiring an increase in oxygen
therapy (OR 0.05 (95% CI 0.00 to 0.61)) and a
signiﬁcant reduction in all-cause mortality (co-trimoxazole
3/53, placebo 14/65, HR 0.21 (95% CI 0.06 to 0.78),
p=0.02)) compared with placebo. The use of cotrimoxazole reduced respiratory tract infections but
increased the incidence of nausea and rash.
Conclusions The addition of co-trimoxazole therapy to
standard treatment for ﬁbrotic idiopathic interstitial
pneumonia had no effect on lung function but resulted in
improved quality of life and a reduction in mortality in
those adhering to treatment.
ISRCTN22201583

INTRODUCTION
▸ http://dx.doi.org/10.1136/
thoraxjnl-2012-202531

To cite: Shulgina L,
Cahn AP, Chilvers ER, et al.
Thorax 2013;68:155–162.

Idiopathic pulmonary ﬁbrosis (IPF) is the commonest
form of ﬁbrotic idiopathic interstitial pneumonia
(IIP). Approximately 5000 new cases are diagnosed
each year in the UK and the prevalence is rising.1
Patients usually present with symptoms of progressive
breathlessness and cough resulting in impaired quality
of life. Furthermore, the prognosis for people with
IPF is poor as the 5-year survival is between 20% and
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Key messages
What is the key question?
▸ What is the efﬁcacy and safety of the addition
of 12 months of oral co-trimoxazole to
standard treatment for ﬁbrotic idiopathic
interstitial pneumonia?

What is the bottom line?

▸ Co-trimoxazole treatment has no effect on
pulmonary function or 6 min walk distance in
patients with ﬁbrotic idiopathic interstitial
pneumonia (the majority of whom had
idiopathic pulmonary ﬁbrosis) but, given
adequate adherence to the medication, may
lead to a signiﬁcant reduction in all-cause
mortality associated with reduction in
frequency of respiratory tract infections and
improved overall health-related quality of life.

Why read on?

▸ Idiopathic pulmonary ﬁbrosis (IPF) is a fatal
condition with limited treatment options. This
non-pharmaceutically sponsored study suggests
that co-trimoxazole may have a therapeutic role
in IPF. This may be due to antibiotic
mechanisms.

40%2 and no treatments have been proved to reduce
mortality. Given the poor survival and lack of effective treatment, there has been a renewed search for
novel treatment options3 but few studies have
achieved their primary endpoint.4
In a previous pilot study of 20 patients with IIP,
co-trimoxazole treatment improved forced vital
capacity (FVC), shuttle walk distance and Medical
Research Council (MRC) dyspnoea score over
3 months.5 We therefore conducted a larger clinical
trial to compare the efﬁcacy and safety of the addition of 12 months of oral co-trimoxazole to standard treatment for ﬁbrotic IIP.

METHODS
This was a multicentre randomised placebo-controlled
double-blind parallel-group study of 12 months
treatment with co-trimoxazole in 181 patients with
155
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Patients
Eligible patients had a clinical diagnosis of ﬁbrotic IIP including
either IPF6 or ﬁbrotic non-speciﬁc interstitial pneumonia
(NSIP). Patients who were aged over 40 years, had a MRC dyspnoea score of ≥2 and whose treatment regimens had remained
unchanged for at least 6 weeks were entered into the study.
A protocol amendment was approved to include patients not
receiving immunosuppressive therapy as long as they had progressive disease with deteriorating lung function (≥10% decline
in FVC or ≥15% decline in diffusing capacity of carbon monoxide (DLCO) over the preceding 6–12 months)7 and those receiving antioxidants to reﬂect changes in UK prescribing practice.
Women were of non-childbearing potential. Patients were
excluded if a secondary cause for pulmonary ﬁbrosis was identiﬁed, if they were receiving immunosuppressant medication
other than prednisolone, azathioprine or mycophenolate
mofetil, had co-trimoxazole allergy or intolerance, untreated
folate or B12 deﬁciency, a respiratory tract infection within
2 months prior to randomisation or if they had a signiﬁcant
concomitant disease that could affect subject safety or inﬂuence
the study outcome.
A blinded retrospective radiological review was undertaken by
two specialist respiratory radiologists using published criteria8
for those patients where a histopathological diagnosis of usual
interstitial pneumonia (UIP) or NSIP was not available. In addition, the high resolution CT (HRCT) scans of patients without
deﬁnite IPF were scored according to the algorithm described
by Fell et al9 to predict the probability of IPF.

Intervention
The randomisation was performed centrally using a computergenerated randomisation code and the site research pharmacist
was informed of the code by email via Norwich Clinical Trials
Unit (CTU). Patients were randomised, with stratiﬁcation for
the site and the use of azathioprine/mycophenolate mofetil, to
receive either co-trimoxazole (Essential Generics, Egham,
Surrey, UK) 960 mg (as two tablets of 480 mg each) twice daily
or an identical placebo (manufactured from the pharmacy at
Guy’s and St Thomas’ Hospital, London), two tablets twice
daily in addition to their usual care. The medication was dispensed at each study visit in containers each having 1 months’
supply of the study drug. Each patient received folic acid (nonproprietary) 5 mg once daily. The use of additional antibiotics
was permitted for intercurrent infections. Adherence was
assessed by a review of returns from accountability logs for each
patient and was considered to be acceptable if at least 80% of
study medication was taken. A password-protected web-based
database (Norwich CTU) was used for data collection. Data
validation was performed prior to the database lock and
unblinding.

Measurements
The following measurements were assessed at 6 weeks and at 6,
9 and 12 months following randomisation: spirometry (FVC
was the primary endpoint), MRC dyspnoea score, safety laboratory tests, the EuroQol (EQ5D) questionnaire and resource use.
In addition, all patients completed a St George’s Respiratory
Questionnaire (SGRQ)10 at screening and 6 and 12 months
156

after randomisation. A 6-minute walk test (6 MWT) with assessment of oxygen desaturation and distance walked,11 DLCO and
static lung volumes including total lung capacity was performed
in selected patients where facilities were available. For the duration of the study, an assessment of tertiary endpoints including
all-cause mortality, hospitalisations, the requirement for escalation of therapy and adverse events was made. The reason for
admission to hospital and the cause of death was obtained from
death certiﬁcates and adverse event reporting forms, which were
reviewed by two blinded physicians.
The safety monitoring included screening for glucose-6phosphate deﬁciency at recruitment, laboratory tests (full blood
count, urea and electrolytes, and liver function tests) at each visit
and full blood count every 2 weeks in patients receiving azathioprine or mycophenolate mofetil. Increased monitoring of serum
digoxin levels and international normalised ratio was undertaken as
required. An interim blinded safety analysis was performed when
50% of patients completed 50% of their treatment to ensure that
any unexpected safety issues were identiﬁed early.

Statistical methods
The primary endpoint was a change in FVC after 12 months.
A sample of 128 subjects had 80% power to detect a difference
of 200 ml in FVC, assuming a SD of 400 ml. We analysed the
primary outcome using a linear mixed model with site as a
random effect and the use of azathioprine/mycophenolate
mofetil as a ﬁxed effect. An ‘adjusted’ analysis was performed
by adjusting for the baseline value of the outcome. For binary
outcome measures, a logistic mixed model was used and for
time until death a Cox proportional hazards model was used.
A per-protocol analysis excluded patients not adhering to study
medication or withdrawing from the trial prior to death.
Additionally, in the per-protocol analysis for deaths and FVC,
we undertook a sensitivity analysis that included only individuals with a deﬁnite/probable diagnosis of IPF.8 9 A subgroup
analysis of deaths by immunosuppression treatment at baseline
in the per-protocol population was undertaken. The proportions
of individuals with at least one adverse event were compared
using the χ2 test. In order to assess for sensitivity of the results
to missing data, a sensitivity analysis was conducted by multiple
imputation. The safety analysis consisted of all patients who
took at least one dose of study medication. Health state utilities
were calculated from EQ5D results using standard UK health
state valuations.12 An economic evaluation combining outcomes
and resource use analysis will be reported in a separate paper.
Analysis was performed in a blinded fashion.

RESULTS
Baseline characteristics
The intention-to-treat analysis included 181 randomised patients
(ﬁgure 1). Patients had a mean age of 71.6±8.5 years with
an FVC% predicted of 70.7±21.2% and DLCO% predicted of
37.5±11.5%. The treatment groups were generally well
matched, although patients in the co-trimoxazole group may
have had shorter disease duration, and hence no adjustment
to the analysis was required to account for baseline imbalance
(table 1). Eleven patients (6%) had a clinical diagnosis of ﬁbrotic
NSIP. Of these, three had their diagnosis conﬁrmed by a surgical
lung biopsy. The remaining eight patients with non-biopsyproven NSIP had a mean age of 65 years, mean DLCO of 36%
predicted and two were taking prednisolone. Seventy-ﬁve
patients had a deﬁnite diagnosis of IPF (histopathology or diagnostic thoracic HRCT scan). In addition, 87 were predicted
to have IPF with UIP histopathology according to the criteria of
Shulgina L, et al. Thorax 2013;68:155–162. doi:10.1136/thoraxjnl-2012-202403
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ﬁbrotic IIP. Patients were recruited from 28 university and district
hospitals in England and Wales between January 2008 and
December 2009. The study was conducted in accordance with
good clinical practice and all participants gave written informed
consent.

Interstitial lung disease

Fell et al9 and 86 had probable IPF radiologically.8 Overall adherence to the study medication was good, with 96% of patients in
the co-trimoxazole group and 90% in the placebo group receiving more than 80% of the scheduled study drug doses.

Interim analysis
The blinded interim analysis of safety showed no signiﬁcant
difference in the percentage of patients dying, the average
number of adverse events or serious adverse events between the
two groups.

Efﬁcacy
Intention-to-treat population
There was no signiﬁcant difference between treatment groups
for change in pulmonary function parameters (table 2). Analysis
of the other endpoints found signiﬁcant differences in the
symptom domain of the SGRQ and the percentage of patients
requiring an increase in oxygen therapy in favour of
co-trimoxazole treatment. The results of the imputation sensitivity analysis (not shown) revealed that the results were robust to
missing data. No evidence was found for a subgroup effect of
baseline disease severity (FVC< or >60% predicted) on FVC
( p=0.861) or deaths ( p=0.816), or baseline medication (receiving immunosuppressive therapy or not) on FVC ( p=0.594) or
deaths ( p=0.151), nor did these signiﬁcantly alter the treatment
Shulgina L, et al. Thorax 2013;68:155–162. doi:10.1136/thoraxjnl-2012-202403

effect. Thirty-seven patients (20%) had died by the end of the
study, 19 (22%) in the placebo group and 18 (19%) in the
co-trimoxazole group ( p=0.379, ﬁgure 2). The majority of the
deaths (35/37) were due to a respiratory cause with 19 (9 in
the placebo group) attributed to IPF progression itself and
11 (7 in the placebo group) as a result of pneumonia. None of
the deaths were related to the use of the study drug as assessed by
the investigator. Among those patients who withdrew from the
study prematurely, by 12 months after recruitment ﬁve patients
in the placebo arm died (four of these withdrew consent and one
had an adverse event) and 15 patients in the co-trimoxazole
arm died (two of these withdrew consent, one was a postrandomisation withdrawal and 12 withdrew due to an adverse
event); 90% of these deaths were due to a respiratory cause (with
two non-respiratory deaths in the co-trimoxazole group) and a
quarter of patients in each group died as a result of pneumonia.

Per-protocol population
The results were in keeping with the intention-to-treat analysis
for both primary and secondary endpoints (ﬁgure 2 and online
table E1). Co-trimoxazole resulted in a signiﬁcant improvement
in the symptom domain of SGRQ (mean difference 5.30 units
(95% CI −11.99 to 1.40)), EQ5D-based utility (mean difference
0.12 (95% CI 0.01 to 0.22)) and a reduction in the percentage
of patients requiring an increase in oxygen therapy (OR 0.05
157
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Figure 1 Disposition of patients. Lung function data required for the primary endpoint were obtained from four patients in the placebo group and
nine patients in the co-trimoxazole group from routine clinical data following withdrawal from the study; n, number of patients.

Interstitial lung disease

Characteristic

Women
Age (years)
Body mass index (kg/m2)
Smoking history
Current
Ex-smoker
Never
Clinical diagnosis
UIP
NSIP
Biopsy
Open lung
Video-assisted thoracic surgery
Pathological/radiological diagnosis
Definite IPF (UIP histopathology,
honeycombing on HRCT or in report on
destroyed HRCT)
Probable IPF (Fell probability
score ≥0.6)
Probable IPF (all features consistent
with UIP except honeycombing on
HRCT or in report on destroyed HRCT)
Time from diagnosis to randomisation
(months)*
Diagnosis within 12 months
Co-existing emphysema
MRC dyspnoea score
2
3
4
5
FVC (l)
FVC percent predicted (%)
TLC (l)
TLC percent predicted (%)
DLCO (mmol/min/kPa)
DLCO percent predicted (%)
6 MW distance (m)
6 MW desaturation ≥4%
SGRQ total (units)
Treatment
Prednisolone
<10 mg/day
10–20 mg/day
>20 mg/day
Azathioprine
Mycophenolate mofetil
Carbocysteine
Mecysteine
N-acetylcysteine
Oxygen
FVC% ≤60

Placebo
(n=86)
Mean/number
(SD/%)

Co-trimoxazole
(n=95)
Mean/number
(SD/%)

21 (24.4%)
70.65 (8.56)
28.61 (5.54)

29 (30.5%)
72.38 (8.45)
28.86 (8.03)

1 (1.2%)
65 (75.6%)
20 (23.3%)

1 (1.1%)
71 (74.7%)
23 (24.2%)

81 (94.2%)
5 (5.8%)

89 (93.7%)
6 (6.3%)

5/15 (5.8%)
10/15 (11.6%)

3/14 (3.2%)
11/14 (11.6%)

38

37

41

46

40

46

31.1 (56.8)
21 (24.4%)
9 (10.5%)
17
28
31
10
2.4
71.5
4.2
66.3
3.5
39.1
331.2
32/43
59.3

25.5 (37.1)
25 (26.3%)
6 (6.3%)

(19.8%)
(32.6%)
(36.1%)
(11.6%)
(0.8)
(21.0)
(1.6)
(22.5)
(1.9)
(12.8)
(117.6)
(74.4%)
(17.5)

12 (12.6%)
42 (44.2%)
31 (32.6%)
10 (10.5%)
2.3 (0.9)
70.0 (21.5)
3.8 (1.1)
61.8 (15.8)
3.2 (1.6)
36.0 (10.0)
285.6 (96.1)
31/38 (81.6%)
55.7 (17.9)

52 (60·5%)
11 (12.8%)
39 (45.3%)
2 (2.3%)
26 (30.2%)
3 (3.5%)
2 (2.3%)
0 (0.0%)
20 (23.3%)
10 (11.6%)
26 (30.2%)

54 (56.8%)
17 (17.9%)
36 (37.9%)
1 (1%)
28 (29.5%)
4 (4.2%)
2 (2.1%)
1 (1.1%)
25 (26.3%)
12 (12.6%)
34 (35.8%)

*Median (IQR).
The number of patients undergoing the following measurements were: TLC: placebo 67,
co-trimoxazole 74; DLCO: placebo 72, co-trimoxazole 77; 6MWT: placebo 43, co-trimoxazole
38; SGRQ: placebo 81, co-trimoxazole 87. Units are number of patients unless indicated.
DLCO, diffusing capacity of carbon monoxide; FVC, forced vital capacity; HRCT, high
resolution CT; IPF, idiopathic pulmonary fibrosis; MRC, Medical Research Council; 6MWT,
6-minute walk test; NSIP, non-specific interstitial pneumonia; SGRQ, St George’s
Respiratory Questionnaire; TLC, total lung capacity; UIP, usual interstitial pneumonia.
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(95% CI 0.00 to 0.61)) compared with placebo. There was a
signiﬁcant reduction in deaths (as a tertiary endpoint) with
co-trimoxazole treatment (3/53) compared with placebo
(3/53 vs 14/65, p=0.02) with a HR of 0.21 (95% CI 0.06 to
0.78) ( p=0.02). All 17 deaths were due to a respiratory cause
with seven (40%) resulting from gradual progression of IPF itself
and ﬁve as a result of pneumonia (all in placebo arm), with the
majority of non-IPF-related deaths exhibiting signs in keeping
with a gradual rather than acute progression of underlying IPF
(online table E2). In the placebo group, 13% (2/15) of those who
withdrew died within 1 month of withdrawing and 6% (2/36) of
patients in the intervention group who withdrew died within
1 month. Patients receiving immunosuppressive treatment at
entry into the study were more likely to die if they were in the
control group (immunosuppression 12/35, no immunosuppression 2/30, p=0.015). However, baseline immunosuppressive
therapy did not have an effect on mortality in the intervention
group (immunosuppression 3/28, no immunosuppression 0/25,
p=0.238). The ORs for death in the intervention group relative
to the control group were 0.49 (95% CI 0.00 to 6.37) in the no
baseline immunosuppressive medication group and 0.23 (95%
CI 0.06 to 0.92) in the baseline immunosuppressive medication
group. The interaction test (ie, whether these ORs are the same)
was 1.00. For patients with honeycombing on the HRCT scan, a
histopathological diagnosis of UIP or predicted to have a histopathological diagnosis of UIP,9 there was a signiﬁcant ( p=0.024)
reduction in deaths with co-trimoxazole (2/46) compared with
placebo (12/62), with a HR of 0.17 (95% CI 0.04 to 0.79))
(online table E3).

Adverse events
Thirty percent (28/92) in the co-trimoxazole group and 8% (7/86)
in the placebo group withdrew due to an adverse event (ﬁgure 1
and table 3). One patient receiving co-trimoxazole and azathioprine developed severe transient neutropenia which required hospitalisation. Following this, all patients receiving azathioprine or
mycophenolate mofetil had 2-weekly monitoring of their full
blood count and two other patients (both receiving azathioprine
and co-trimoxazole) were withdrawn because of neutropenia.
There was a signiﬁcant reduction in the number of patients with
one or more infection in the co-trimoxazole treatment group compared with the placebo group. An increase in the reporting of
nausea and rash was seen in the co-trimoxazole group. In the
placebo group, 12.5% (7/56) had an increase in creatinine of
10 mmol/l from the baseline value compared with 59.3% (32/54)
in the treatment group.

DISCUSSION
This study showed that co-trimoxazole had no effect on lung
function parameters, 6MWT and desaturation, MRC dyspnoea
score or mortality in patients with ﬁbrotic IIP, although there
was a difference in the symptom domain of SGRQ and oxygen
use in the intention-to-treat analysis. The improvement in
SGRQ scores might not be entirely relevant to the IPF population for two reasons: (1) the SGRQ was designed for patients
with airways disease and some questions are not disease-speciﬁc
to IPF; and (2) the minimum important difference of four
scores accepted for chronic obstructive pulmonary diseasemight
not be adequate in IPF as it has recently reported to range from
ﬁve for the activity domain to eight for the symptoms
domain.13 Nearly one-third of patients receiving co-trimoxazole
withdrew because of side effects, mostly rash and nausea;
however, there were fewer side effects related to infection in the
treatment group. Based on this information, we cannot
Shulgina L, et al. Thorax 2013;68:155–162. doi:10.1136/thoraxjnl-2012-202403
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Table 1 Summary of baseline characteristics for all individuals

Interstitial lung disease

Outcome

FVC (ml)
FVC percent predicted (%)
TLC (ml)
TLC percent predicted (%)
DLCO (mmol/min/kPa)
DLCO percent predicted (%)
SGRQ symptoms (units)
SGRQ activity (units)
SGRQ impact (units)
SGRQ total (units)
6MWT distance (m)
6MWT desaturation of ≥4%
EQ5D-based utility
MRC score (units)
Hospital days
Death
Medicine increase
Medicine decrease
Oxygen increase
Oxygen decrease

Placebo

Co-trimoxazole

Unadjusted

N

Mean (SD/%)

N

Mean (SD/%)

p Value

95% CI

p Value

95% CI

60
60
45
45
50
50
53
55
54
52
31

−195.67 (288.82)
−4.79 (8.70)
−410.00 (1328.39)
−5.70 (19.54)
−0.22 (0.81)
−3.88 (10.75)
0.76 (15.83)
3.09 (13.27)
0.99 (13.88)
1.78 (11.59)
−19.48 (86.49)
31/35 (88.6%)
−0.18 (0.31)
0.21 (0.82)
0.81 (1.92)
19/86 (22.1%)
22/65 (33.9%)
5/57 (8.8%)
11/61 (18.0%)
0/56 (0.0%)

63
63
44
44
45
45
53
52
50
49
20

−182.22
−4.65
−201.36
−3.58
−0.30
−3.67
−4.82
0.43
2.50
0.71
−18.70
16/20
−0.17
0.07
3.06
18/95
12/57
7/54
2/55
0/54

0.781
0.938
0.127
0.212
0.429
0.812
0.067
0.339
0.643
0.658
0.983
0.396
0.801
0.319
0.329
0.379
0.122
0.541
0.027
–

15.50 (−93.6 to 124.63)
0·13 (−3·14 to 3·40)
307.98 (−87.42 to 703.38)
3.74 (−2.14 to 9.62)
−0.12 (−0.41 to 0.17)
−0.44 (−4.02 to 3.15)
−5.73 (−11.86 to 0.40)
−2.64 (−8.05 to 2.77)
1.50 (−4.83 to 7.83)
−1.13 (−6.16 to 3.89)
0.50 (−45.98 to 46.97)
0.52 (0.11 to 2.36)
0.01 (−0.09 to 0.12)
−0.15 (−0.43 to 0.14)
0.64* (0.26 to 1.56)
0.74* (0.38 to 1.45)
0.48 (0.19 to 1.21)
1.47 (0.43 to 5.04)
0.15 (0.03 to 0.80)
–

0.988
0.978
0.943
0.972
0.480
0.459
0.009
0.484
0.690
0.599
0.835
0.634
0.920
0.533
0.329

0.00
0.05
0.01
−0.08
−0.11
−1.34
−6.88
−1.82
1.24
−1.30
−5.16
0.87
0.10
0.09
0.64

73
56
59

71
54
54

(330.15)
(9.96)
(582.69)
(9.87)
(0.68)
(8.10)
(16.37)
(15.10)
(18.68)
(13.96)
(75.39)
(80.0%)
(0.35)
(0.72)
(12.48)
(19.0%)
(21.1%)
(13.0%)
(3.6%)
(0.0%)

Adjusted for baseline

(−0.11 to 0.11)
(−3.22 to 3.32)
(−0.30 to 0.32)
(−4.73 to 4.57)
(−0.40 to 0.19)
(−4.88 to 2.21)
(−12.06 to −1.70)
(−6.91 to 3.27)
(−4.86 to 7.34)
(−6.13 to 3.54)
(−53.55 to 43.24)
(−2.37 to 4.10)
(0.01 to 0.20)
(−0.37 to 0.19)
(0.26 to 1.56)

Units are number of patients unless indicated.
*HR.
DLCO, total lung diffusing capacity of carbon monoxide; EQ5D, EuroQol; FVC, forced expiratory volume; ml, millilitres; MRC score, Medical Research Council Dyspnoea Score; 6MWT,
6-minute walking test; SGRQ, St George’s Respiratory Questionnaire; TLC, total lung capacity.

recommend that patients with IPF are prescribed co-trimoxazole
as there was no difference in the established functional measures
of disease control.
The analysis of those patients adhering to the protocol ( perprotocol analysis) showed that co-trimoxazole had no effect on
pulmonary function, 6MWT and desaturation and MRC dyspnoea score, but led to an improvement in health-related quality
of life (as measured by the EQ5D-based utility and SGRQ) and
fewer patients required commencement of oxygen therapy. Our
ﬁndings also raise the possibility that co-trimoxazole improves
survival as there was a ﬁvefold reduction in mortality in those
patients adhering to treatment.
The difference between the ﬁndings of the intention-to-treat
and per-protocol analyses may be due to improved survival in
those adhering to treatment, as we would not expect any effects
of co-trimoxazole to be exhibited following cessation of this
treatment. Alternatively, it could be due to increased mortality
in those withdrawing from the drug because of side effects or
the higher withdrawal rate in the active group could be a
marker of the disease severity. However, the reduction in mortality was not due to a disproportionate withdrawal of patients
in the treatment arm immediately prior to death as only four
patients (two from each group) withdrew from the study within
1 month of death.
The survival beneﬁt conferred by co-trimoxazole, if real,
could be due to its antimicrobial activity as there was a signiﬁcant reduction in the number of infections in the group receiving active treatment. While this study was not designed to
collect microbiological information, it is possible that chronic
microbial colonisation of the respiratory tract in genetically susceptible hosts might contribute to alveolar epithelial injury in
IPF.14 Although viral pathogens have been associated with IPF,15
Shulgina L, et al. Thorax 2013;68:155–162. doi:10.1136/thoraxjnl-2012-202403

data are limited on the role of fungal and bacterial infection.
Shimizu et al16 found a high prevalence of Pneumocystis jirovecii colonisation (23.3%) among patients with IPF and collagen
vascular disease. Richter et al17 demonstrated that 36% of nonimmunosuppressed IPF patients without clinical features of a
respiratory tract infection grew pathogenic bacteria from their
bronchoalveolar lavage ﬂuid compared with none of the controls. Furthermore, it is known that the mortality of IPF is
greater in the winter even when recognised infection is
excluded,18 and infections can trigger acute decline in IPF
leading to death.19
It is also possible that co-trimoxazole has effects that are independent of its antibiotic action. Co-trimoxazole has been shown
to have an immunomodulatory effect leading to a reduction in
the rate of relapse in patients with granulomatosis with polyarteritis (formerly Wegener’s granulomatosis)20 and to beneﬁcial
effects in rheumatoid arthritis.21 In vitro studies suggest that
co-trimoxazole may reduce neutrophil-derived oxidative stress22
and/or divert the proﬁbrotic Th2-mediated responses to a more
favourable Th1 environment.23
In keeping with retrospective data,24 we have also shown that
treatment with immunosuppression may be a predictor of
increased mortality, as mortality in the control group was
greater in those patients receiving immunosuppressive therapy at
baseline. Indeed, the interim safety analysis from the study of
prednisolone, azathioprine and N-acetylcysteine for pulmonary
ﬁbrosis reported that treatment with immunosuppression was
associated with increased mortality compared with placebo.25
It is not possible to determine whether co-trimoxazole affects
acute exacerbations of IPF owing to the small number of
IPF-related deaths in this study. As many of our patients were
on immunosuppressive treatment at recruitment, co-trimoxazole
159
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Table 2 Change from baseline results of primary and secondary outcomes: intention-to-treat analysis with no imputation

Interstitial lung disease

may have acted by preventing immunosuppression-related infections. However, in all analyses, adjustment was made for the
effect of treatment with azathioprine/mycophenolate mofetil at
baseline, and the treatment effect of co-trimoxazole did not
appear to be conﬁned to those receiving immunosuppressive
therapy in the subgroup analysis.
The study described here was conducted prior to the most
recent guidelines for the diagnosis and management of IPF.3
Patients were entered into the study based on clinical and HRCT
ﬁndings and few patients had histological conﬁrmation of their
disease, which reﬂects current clinical practice in the UK and is
similar to other clinical trials.26 However, both of our sensitivity
analyses of patients with deﬁnite/probable IPF showed the same
degree of mortality beneﬁt with co-trimoxazole. A high proportion of patients on immunosuppressive therapy at recruitment
160

(which ﬁnished in December 2009) could be explained by the
fact that most of the cases were prevalent so their treatment
approach was based on IPF guideline recommendations from
2000.27 Interestingly, the British Thoracic Society national interstitial lung disease survey with data collected during late 2010
and early 2011 showed that around half of responders (total of
120) continued to use prednisolone (55%) and azathioprine
(49%) for the treatment of IPF at the time.28
In summary, while we have been unable to demonstrate
that co-trimoxazole has an effect on disease progression in
patients with IPF, our data provide some evidence that treatment with co-trimoxazole may improve survival in people
with IPF and, if so, the mechanism might be by reduction of
respiratory infection. Further studies to verify these ﬁndings
are needed.
Shulgina L, et al. Thorax 2013;68:155–162. doi:10.1136/thoraxjnl-2012-202403
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Figure 2 Kaplan–Meier plots of time
until death based on intention-to-treat
and per-protocol populations. There
was no difference in mortality between
co-trimoxazole (19/86) and placebo
(18/95) at 12 months in the
intention-to-treat analysis but there
was a signiﬁcant difference in the
mortality between the co-trimoxazole
(3/53) and placebo (14/65) groups at
12 months which amounted to a HR of
0.2 (95% CI 0.06 to 0.78) in the
per-protocol analysis.

Interstitial lung disease

Group

Subgroup

Blood disorder
Cardiac disorder
Dental condition
Ear disorder
Eye disorder
General
disorders
Gastrointestinal
Nausea
Immune system
disorder
Infection
Pneumonia
LRTI
URTI
Injury
Investigations
Metabolic
disorder
Muscle and
tissue disease
Neoplasia
Nervous system
Medical and
surgical
procedures
Psychiatric
Renal and
urinary disease
Reproductive
and breast
Respiratory
Skin disorder
Vascular
disorders
None

Placebo
Number of
individuals
with ≥1 (%)

Co-trimoxazole
Number of
individuals with
≥1 (%)

3 (3.5)
9 (10.5)
1 (1.2)
1 (1.2)
3 (3.5)
14 (16.3)

6 (6.5)
3 (3.3)
2 (2.2)
0 (0.0)
5 (5.4)
17 (18.5)

0.356
0.055
1
0.483
0.722
0.699

21 (24.4)
6 (7.0)
1 (1.2)

41 (44.6)
17 (18.5)
0 (0.0)

0.005
0.022
0.483

59 (68.6)
8 (9.3)
38 (44.2)
14 (16.3)
0 (0.0)
7 (8.1)
8 (9.3)

38 (41.3)
0 (0.0)
27 (29.4)
6 (6.5)
3 (3.3)
11 (12.0)
13 (14.1)

<0.001
0.002
0.04
0.039
0.247
0.399
0.318

11 (12.8)

12 (13.0)

0.96

4 (4.7)
11 (12.8)
5 (5.8)

1 (1.1)
11 (12.0)
1 (1.1)

0.199
0.866
0.108

4 (4.7)
3 (3.5)

5 (5.4)
3 (3.3)

1
1

2 (2.3)

0 (0.0)

0.232

39 (45.4)
4 (4.7)
7 (8.1)

35 (38.0)
14 (15.2)
9 (9.8)

0.323
0.019
0.702

21 (24.4)

16 (17.4)

0.248

p
Value
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Table E1. Change-from-baseline results of primary and secondary outcomes, per-protocol
analysis with no imputation.
Table E2. Cause of Death in the Per Protocol Analysis
Table E3. Sensitivity analysis of FVC (change from baseline) between the original sample
and the subsamples in the PP analysis

Table E1. Change-from-baseline results of primary and secondary outcomes, per-protocol analysis with no imputation.

Outcome

Placebo

Co-trimoxazole

N

N

FVC (millilitres)
51

Mean
(SD/%)

(SD/%)

-183·73

-175·21

(279·90)

48

FVC % pred (%)

TLC (millilitres)

-4·35 (8·88)

48

-427·14
42

TLC % pred (%)

(1371·93)

34

-5·92
42

(20·19)

DLCO
43

DLCO % pred (%)

-0·21 (0·84)

33

-4·03
43

symptoms 47

95% CI

0·864

11·09

0·985

1.23

(-115·47,137·64)
0·851

0·104

(11·11)

33

(7·91)

0·36 (16·44)

49

-4·63

0·819

381·28

0·169

4·77

0·811

-0·22

0·881

-1·63

0·247

-5·30

-0.20
(-0.55,0.14)

0·368

(-5·91,2·65)
0·121

0.41
(-4.98,5.80)

(-0·56,0·13)
0·456

44.10
(-317.16,405.37)

(-2·03,11·57)
0·222

-0.45
(-4.33,3.42)

(-78·36,840·92)

(0·70)
-4·66

-0·37

(-125.92,128.37)

(-4·23,3·49)

(10·49)
-0·39

(mmol/min/PKa)

p-value

(635·41)
-3·11

34

95% CI

(10·88)
-167·35

Adjusted for baseline

p-value

(359·30)
-4·80

51

SGRQ

Mean

Unadjusted

-1.94
(-6.18,2.29)

0·046

-5.73

(units)

(16·75)

SGRQ

activity

(units)

1·56
49

SGRQ

2·99 (13·97)

48

impact

(units)

0·49 (14·05)

47

SGRQ total (units)

Six

minute

(6MW)

1·40 (11·93)

46

-13·34
29

(85·10)

EQ5D-based utility
-0·16 (0·30)

53

MRC score (units)

Hospital days

0·16 (0·83)

50

0·89 (1·99)
54
14/65

0·839

-1·08

-7·21

0.66
(-5.68,6.99)

0·602

-1.38
(-6.59,3.82)

0·546

(-55·15,40·72)

0·025

-15.31
(-64.97,34.36)

0·643

0·024

0.11 (0.01,0.21)

-0·07

0·841

-0.03

(-0·38,0·23)
0·181

(12·95)
3/53

0·12
(0·01,0·22)

(0·72)
3·28

50

(-6.73,4.27)

(-6·49,4·32)

(0·28)
0·08

51

-0·92

-1.23

(76·89)
-0·05

64

Death

0·694

-20·74
19

0·660

(-8·48,6·64)

0·768

distance

(metres)

0·811

(14·07)

walk

-0·52

(-11.38,-0.10)

(-7·25,6·21)

(17·97)
0·36

46

0·879

(14·91)
1·26

48

(-11·99,1·40)

0·53*
(0·21,1·34)

0·020

0·21*

(-0.33,0.27)
0·182

0.53
(0.21,1.35)

Medicine increase

(21·5%)

(5·7%)

18/58 (31·0)

9

(0·06,0·78)
/51 0·08

(17·7)
Medicine decrease

4 / 51 (7·8)

6

0·39
(0·14,1·12)

/50 0·610

1·42 (0·37,5·56)

50 0·019

0·05

(12·0)
Oxygen increase

10

/

55

1

/

(18·2)

(2·0)

Oxygen decrease

0 /51

0 /50

6MW

27

desaturation

of 4% or more

/

(87·1)

31

15

(0·00,0·61)
/

19 0·446

(79·0)

-

-

0·55 (0·12,2·54)

0·644

0.64
(0.10,4.15)

*Hazard ratio. FVC: forced expiratory volume, TLC: total lung capacity, DLCO: total lung diffusing capacity of carbon monoxide, % pred: percent
predicted, SGRQ: St George’s Respiratory Questionnaire, 6MW: six minute walk, EQ5D: EuroQol, MRC score: Medical Research Council
Dyspnoea Score. Units are number of patients unless indicated.

Table E2. Cause of death in per the protocol analysis.
Placebo

Co-trimoxazole

(n=14)

(n=3)

72.8

74

14 (100%)

3 (100%)

IPF related

5 (36%)

2 (67%)

Non-IPF related

9 (64%)

1 (33%)

Pneumonia

5 (36%)

0

LRTI

1 (7%)

0

Aspiration pneumonia

1 (7%)

0

Cardiorespiratory failure

1 (7%)

0

Multiorgan failure‡

1 (7%)

0

Metastatic lung cancer

0

1 (33%)

Mean age, years
*

Respiratory related

†

*

Death was defined as respiratory related if resulted from respiratory failure, acute exacerbation or

progression of IPF, pneumonia or respiratory tract infection, pulmonary embolism, lung cancer, or
pneumothorax.
†

Due to IPF and ischaemic heart disease. ‡ Due to IPF, LRTI and perforated Meckel's diverticulum

All 17 deaths were due to a respiratory cause with 7 (40%) resulting from gradual
progression of IPF itself and 5 following pneumonia (all in placebo arm), with 80% of non-IPF
related deaths exhibiting signs in keeping with a gradual rather than acute progression of the
underlying IPF.

Table E3. Sensitivity analysis of FVC (change from baseline) and deaths between the original sample and the subsamples in the PP
analysis·

Outcome

Placebo

Co-trimoxazole

Unadjusted

Adjusted for baseline

N

N

p-value

95 CI%

p-value

95% CI

0·864

11·09

0·985

1·23

Mean (SD)

Mean
(SD)

FVC (millilitres)
[primary analysis]

51

-183·73 (279·90)

48

-175·21 (359·30)

FVC (millilitres)
[Fell criteria]

0·992
50

-184·80 (282·64)

42

-185·24 (365·68)

FVC (millilitres)
[radiology review]

47

-173·19 (279·65)

38

-218·16 (351·31)
Number (%)

Deaths
14/65 (21·54)

p-value

95 CI%

0·02

0·21
(0·06,0·78)

0·024

[Fell criteria]

12/62 (19·35)

2/46 (4·35)

Deaths

11/58 (18·97)

2/42 (4·76)

[radiology

-39·69
(-170·48,91·09)

3/53 (5·66)

Deaths

-0·65

(-125·92,128·37)
0·865

(-132·18,130·87)
0·552

Number (%)

[primary analysis]

(-115·47,137·64)

0·17
(0·04,0·79)

0·032

0·18

-11·47
(-144·15,121·21)

0·329

-65·72
(-197·62,66·17)

review]

(0·04,0·86)

FVC: Forced vital capacity. Fell Criteria based on Fell CD, Martinez FJ, Liu LX, Murray S, Han MK, Kazerooni EA, et al. Clinical

predictors of a diagnosis of idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 2010;181:832-7. Radiology review based on
Silva CI, Muller NL, Hansell DM, Lee KS, Nicholson AG, Wells AU. Nonspecific interstitial pneumonia and idiopathic pulmonary
fibrosis: changes in pattern and distribution of disease over time. Radiology. 2008;247:251-9.

