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Abstract

Background Drugs used to treat rheumatic disease are associated with pneumotoxicity (drug-induced lung disease),
but little is known about associated risk factors.

Aim To determine expert physician-perceived risk factors for developing pneumotoxicity in patients with rheumato-
logic conditions.

Methods A modified international 3-tier Delphi exercise was performed. Tier 1 determined patient and drug vari-
ables that physicians perceive to be risk factors. Tier 2 determined degree of risk associated with the Tier-1 derived
variables. Tier 3 aimed to internally validate and stratify exemplar cases into risk categories.

Results 134 pulmonologists and 49 rheumatologists responded to Tier 1;157 physicians completed all tiers. Per-
ceived risk factors included: drug type; history of previous pneumotoxicity; age; smoking; underlying rheumatic
disease type and activity; renal function; pulmonary hypertension; left ventricular failure;presence, nature, severity
and progression of pre-existing interstitial lung disease. Tier 2 data stratified these variables into risk profiles e.g. never
versus current smoking was perceived as low and high risk respectively. An example of perceived high risk result-

ing from Tier 3 is a 75-year-old current smoker with high-activity rheumatoid arthritis (RA) with severe, progressive
ILD being started on methotrexate. A perceived low risk is a 75-year-old currentsmoker with moderate-activity RA
and emphysema with no cardiac or renal disease and no pre-existing ILD being started on rituximab. A risk prediction
scoring tool is being developed to be used in validation studies.

Conclusion This modified Delphi exercise defined and stratified the perceived risk factors for developing pneumo-
toxicity. Age, current smoking, high underlying rheumatological disease activity, HRCT definite UIP and honeycomb-
ing, severity and progression of pre-existing ILD were perceived to be the highest risk-factors.
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Take home message

This modified Delphi exercise defined and stratified
physician-perceived risk factors for developing pneu-
motoxicity in a field where the evidence-base is lacking.

Introduction

Disease-modifying anti-rheumatic drugs (DMARDs)
prescribed for chronic inflammatory rheumatic con-
ditions are known to be associated with pneumotox-
icity (drug-induced interstitial lung disease, DIILD).
The potential risk factors that are associated with
pneumotoxicity include the drug itself, the underly-
ing rheumatological condition and other individual
risk factors [1]. However estimating risk is difficult in
an individualand this hampers provision of personal-
ised risk/benefit counselling. Clinical drug trials are not
designed to evaluate risk factors for pneumotoxicity
and the majority of pneumotoxic events are reported
via post-approval mechanisms [2, 3] or anecdotally. In
the absence of empirical evidence, clinicians routinely
employ their personal experiential knowledge of pneu-
motoxicity risk to counsel patients with rheumatic con-
ditions. One way of exploring the parameters of risk is
to collate this experiential knowledge. This lends itself
to Delphi methodology [4] to address the research
question ‘what are the risk factors for developing DIILD
in patients with rheumatological conditions?.

Aims

The primary aim of the Delphi exercise was to ascertain
physician-perceived risk factors associated with pneumo-
toxicity in patients with chronic inflammatory rheuma-
tological conditions and stratify risks factors into low-,
intermediate- and high-risk categories. The secondary
aim was to explore differences between rheumatologist
and pulmonologists’perceptions for ascertaining risk. An
exploratory aim was to create a tool that could be used
in future prospective studies of pneumotoxicity risk. The
study did not address the potential pneumotoxicity risk
associated with interaction of two or more drugs, the
other risks of rheumatological drugs (mainly infection)
or the benefits of DMARDs for treating the underlying
rheumatological condition.

Methods

International experts in rheumatology and pulmonology
were identified by contact lists established for previous
Delphi exercises, specialist societies and peer recommen-
dations. Physicians were invited to respond to web-based
e-Delphi questionnaires. No interviews were performed
and physicians were anonymised such that respondents
did not have sight of each other’s identity or individual
responses.
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The modified Delphi was structured as 3 tiers of ques-
tionnaires. Tier 1 sought to identify risk-factors for pneu-
motoxicity in patients with connective tissue disease
(CTD). The parameters (patient factors and drug factors)
and variables within each parameter were scoped by the
steering committee based on their experience and knowl-
edge of the literature and incorporated a wide spectrum
of patient and drug factors that could plausibly be asso-
ciated with risk of pneumotoxicity. The responses to
questions such as ‘Do you consider smoking to be a risk
factor for pneumotoxicity’ were restricted to ‘yes, ‘no’
and ‘don’t know’ A pre-determinedthreshold of >70%
agreement defined as ‘majority agreement’ was required
for a risk variable to be progressed as a risk factor into
Tier 2. The exception was for responses to the question:
‘Please identify which drugs you consider to be signifi-
cantly associated with pneumotoxicity. Consider ‘signifi-
cantly’ to be such that you would actively counsel the
patient for a risk of pneumotoxicity’ For this question, a
pre-defined threshold of >30% affirmative responses led
to the drug being progressed to Tier 2. All ‘don’t know’
responses were grouped with ‘no. Respondents were
provided with the grouped data results after Tier 1 and
given the opportunity to changes their responses. Tier 2
employed a 6-point Likert scale and sought to stratify the
risk parameters identified in Tier 1 into low (score 1 or
2), medium (score 3 or 4) and high risk (score 5 or 6) cat-
egories. The low-, medium- and high-risk categories were
allocated from the median scores. Again, respondents
were given the opportunity to modify their responses
after they were given the Tier 2 grouped results. Tier 3
was a modification of a conventional Delphi exercise; six
theoretical clinical scenarios were constructed based on
the results of Tier 2; two scenarios were for cases that
did not have pre-existing ILD, two for cases that had ILD
but no data on progression of ILD prior to commencing
drug and two for cases in which the nature of ILD disease
progression was known by serial lung function data and
computer tomography (CT) imaging.Respondents were
asked to qualify the risk of pneumotoxicity for each sce-
nario using a 5-point Likert scale (1=very low, 2=Ilow,
3=medium, 4=high,5=very high). All Tier questions
are documented in the supplementary material.

Non-descriptive non-parametric statistical analysis was per-
formed using Fischer’s exact test and Mann—Whitney U test.

Ethics approval and consent to participate

Research Ethics approval was deemed unnecessary
according to the Health Research Authority national
guidelines (https://www.hra.nhs.uk/approvals-amend
ments/what-approvals-do-i-need/) since this was a study
of professional practitioner opinion and did not involve
patient participation. Informed consent was provided
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937 invitations sent out
(814P, 123R)

v —

183 physicians responded

To Tier 1
(134P, 49R™)

v —

168 physicians responded

To Tier 2 (92%)
(120P, 48R*)

| —

157 physicians responded

To Tier 3 (93%)
(109P, 48R*)
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754 non respondents

15 non respondents

11 non respondents

P- pulmonologist
R- rheumatologists

includes 1 clinical immunologist that counsels and prescribes rheumatological drugs.

Fig. 1 Consort diagram of respondents to each stage of the eDelphi process

from all participants to take part in the study. The data-
sets analysed in this study are available from the corre-
sponding author on reasonable request.

Results

183 physicians responded to Tier 1 (Fig. 1). Only 3.8%
had less than 5 years’ experience in their specialty, and
82% had greater than 10 years'experience. 86% described
themselves as working primarily in an academic/teach-
ing/tertiary centre and 14% working in the community
setting. In response to the question ‘How confident do
you feel about assessing risk of pneumotoxicity in adults
with DMARDS/Biologics and underlying rheumatologi-
cal conditions?, on a 7-point Likert scale where 0=no
confidence and 7=extremely confident, the median
response from both pulmonologists and rheumatologists
was 5 indicating most respondents were moderately con-
fident about assessing risk.

Tier 1 results

Using the pre-defined cut-off of >70% of all respondents,
age, smoking status, underlying rheumatological condi-
tion, activity of rheumatological condition, pre-existing
ILD, static lung function, change in lung function over
1 year and progression of ILD over 1 year were thought
to be significant risk factors for developing pneumotox-
icity. There was no significant difference between pul-
monologists’ and rheumatologists’ perceptions for these
selected variables (Table 1). In contrast, over 70% of
rheumatologists view COPD/emphysema and bronchi-
ectasis as risk factors for DIILD, but significantly fewer
pulmonologists do so(45% for COPD/emphysema and
51% for bronchiectasis). These variables did not meet the
predefined threshold of >70% from all respondents and
were therefore not taken forward to Tier 2. There were
also significant differences between rheumatologists and
pulmonologists in their perception of ethnicity, body
mass index (BMI), and asthma as risk factors, but none of
these variables reached the 70% threshold.
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Table 1 Significance of patient variables when assessing risk of pneumotoxicity according to Rheumatologists and Pulmonologists.
LVF: left ventricular failure, pulm HTN: pulmonary hypertension, CAD: coronary artery disease, ILD: interstitial lung disease, BMI: body
mass index, COPD: chronic obstructive pulmonary disease. P values calculated using Fisher’s exact test

Combined n=183 (%) Rheumatologist =49 (%) Pulmonologistn=134(%) P value
Age 71 76 70 ns
Smoking 90 95 89 ns
Underlying rheumatological condition 89 93 87 ns
Activity of rheumatological condition 74 76 73 ns
Cardiac comorbidities: LVF, cor pulmonale, pulm 76 86 75 ns
HTN, significant CAD
Renal function 74 73 74 ns
Pre-existing ILD 97 98 97 ns
Static lung function 93 91 94 ns
Progression of ILD (1 yr) 95 95 95 ns
Change in static lung function (1 yr) 90 86 92 ns
Previous episode of pneumotoxicity 75 70 77 ns
Gender 41 40 43 ns
Ethnicity 44 34 49 <0.05
BMI 46 64 40 <0.01
COPD and/or emphysema 55 79 45 <0.001
Asthma 28 38 24 <0.05
Bronchiectasis 57 71 51 <0.01
Other respiratory comorbidities 33 30 33 ns
Diabetes Mellitus 26 14 31 <0.05

Less than 30% of respondents indicated they would
counsel patients for the risk of pneumotoxicity when
starting azathioprine, belimumab, canakinumab, filgo-
tinib, hydroxychloroquine, ixekizumab, mycophenolate
mofetil (MMF), sarilumab, secukinumab and upadaci-
tinib. These drugs were therefore not taken forward to
Tier 2. Thirty percent or more of all respondents would
counsel patients for pneumotoxicity when starting meth-
otrexate, leflunomide, adalimumab, certolizumab, etaner-
cept, infliximab, golimumab, anakinra, tocilizumab,
abatacept, ustekinumab, rituximab, baricitinib and tofac-
itinib.Of these drugs, pulmonologists were significantly
more likely than rheumatologists to perceive that etaner-
cept, anakinra, tocilizumab, abatacept, ustekinumab,
rituximab, baricitinib, and tofacitinib were associated
with increased risk of pneumotoxicity (Fig. 2).

Tier 2 results

DMARDs for which at least 30% of physicians would
specifically counsel their patient about the potential
for developing pneumotoxicity were assigned as low,
medium and high risk according to median scores.
Patient variables that 70% or more respondents desig-
nated as a significant risk factor when assessing pneu-
motoxicity were also assigned as low-, medium- and
high-risk according to median score results. The data

yielded from Tier 2 indicated that physicians perceived
that pre-existing ILD and known progression of pre-
existing ILD were important risk factors for developing
pneumotoxicity. The results of all variables are presented
in Table 2 (patient and drug variables), Table 3 (variables
related to pre-existing ILD) and Table 4 (variables related
to progression of pre-existing ILD). No drug was deemed
as high risk whilst 10 drugs were deemed medium risk
and 5 drugs were deemed low risk. High risk patient
variables were age>70 years, current smoking, high
rheumatological disease activity, definite UIP or honey-
combing,>40% pre-existing ILD lung involvement on
HRCT, TLCO<30% predicted andat least an historical
moderate worsening of ILD prior to initiating drug.

Tier 3 results

The clinical scenarios presented to the respondents in
Tier 3 were cases that incorporated the lowest risk vari-
ables and highest risk variables that could be associated
with patients that had no pre-existing ILD (scenario 1
and 2), patients with pre-existing ILD but no serial infor-
mation (scenario 3 and 4) and patients with pre-existing
ILD and serial information that informed progression
(scenario 5 and 6) respectively. The results are presented
in Table 5. Scenarios that only included low risk drug
and patient variables (scenario 1, 3 and 5) were deemed
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Estimation of risk of pneumotoxicity of rheumatological drugs
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Fig. 2 Risk of pneumotoxicity with commonly prescribed rheumatological drugs according to rheumatologists and pulmonologists. A= Disease
modifying anti-rheumatic drugs, B=Anti-TNF, C=Anti-IL1, D=Anti-IL6, E=T-Cell modulator, F=Anti-IL12/23, G=B-Cell modulator, H=Anti-IL17,
1=JAKSTAT inihibitors. P values calculated for those reaching the 30% threshold (dotted line): * <0.05 ** < 0.01, *** < 0.001

Table 2 Tier 2 results of low, medium and high-risk drug and patient variables for developing pneumotoxicity based on median
values. RA: rheumatoid arthritis, SSc: systemic sclerosis, SLE: systemic lupus erythematosus, MCTD: mixed connective tissue disease

Low risk Medium risk High risk
Drug Sulphasalazine Leflunomide
Tocilizumab Adalimumab
Baricitinib Certolizumab
Abatacept Etanercept
Tofacitinib Golimumab
Infliximab
Anakinra
Ustekinumab
Rituximab
Methotrexate
Age (years) <49 50-69 >70
Smoking never ex current

Connective tissue disease

Connective tissue disease activity
Cardiac comorbidities

Renal comorbidities: estimated glo-
merular filtration rate

Previous pneumotoxicity

Psoriatic arthropathy, Ankylosing
spondylitis

Low

Nil or presence of coronary artery
disease

>60

NO

RA, SSc, SLE, Primary Sjogren’s,
MCTD, Anti-synthetase syndromes,
systemic vasculitis, sarcoidosis

Medium High

Left ventricular failure Cor pulmo-
nale, Pulmonary hypertension

<60

YES
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Table 3 Tier 2 results of low, medium and high-risk variables in the presence of pre-existing interstitial lung disease. ILD: Interstitial
lung disease, UIP: usual interstitial pneumonia, FVC: Forced vital capacity, TLCO: Transfer factor for carbon monoxide, CT: computer

tomography

Pre-existing ILD Low risk Medium risk High risk

ILD pattern on CT Probable UIP, fibrosis with indeter- Definite UIP, Honeycombing
minate pattern, fibrosis with other
pattern, inflammation no fibrosis

Volume of lung affected by ILD on CT (%) <20 20-39 >40

Lung function: FVC, % predicted >60 <60

Lung function: TLCO, % predicted >80 30-79 <30

Table 4 Tier 2 results of low, medium and high-risk variables

in the presence of serial computer tomography (CT) and lung
function data in pre-existing interstitial lung disease (ILD). HRCT:
high resolution CT, FVC: Forced vital capacity

Serial ILD data
available

Low risk Mediumrisk  High risk

No / minimal  mild
<5% >5%

Change in HRCT

Change in lung
function: FVC, %
predicted

Moderate or greater

as low or very low risk. Scenarios that only included the
highest risk categories for patient and drug variable (sce-
narios 2, 4 and 6) were deemed medium or high risk. For
example, a 70-year-old current smoker with high-activity
rheumatoid arthritis (all high-risk variables) but no pre-
existing ILD, was deemed medium risk if being started
on methotrexate. This was the maximum risk for any sce-
nario that does not have pre-existing ILD. There was no
scenario, including scenario 6 wherein every maximum
risk category was applied, that resulted in a ‘very high
risk’ outcome.

Discussion

DIILD is well recognised and is an occasionally fatal
consequence of rheumatological drugs. One system-
atic review estimated that the prevalence of DIILD with
methotrexate, leflunomide and tumour necrosis fac-
tor inhibitors (TNFi) in rheumatoid arthritis patients
is around 1% [1]. The evidence base for risk factors for
DIILD is also sparse and is based on clinical trial, phar-
macovigilance and registry databases, and case-reports.
Systematic reviews [5, 6] and a meta-analysis [7]of
DIILD including drugs used in rheumatic diseases do
not specifically address risk-factors for pneumotoxicity
and conclude that the majority of relevant studies are
of low quality. Recent expert guidelines and a compre-
hensive review either do not comment on risk-factors
[8] or variably cite pre-existing ILD, older age, previous

Table 5 Characteristics of 6 scenarios presented in Tier 3

Scenario no Characteristics® Qualitative risk

No ILD
1 49yrs
Ankylosing spondylitis
Abatacept
2 70yrs
Rheumatoid arthritis
Methotrexate

Very low

Medium

With ILD

3 Scenario 1 AND Low
Indeterminate fibrosis
<20% volume on CT
FVC>60%
TLCO>80%

4 Scenario 2 AND
UIP
>40% volume on CT
FVC <60%
TLCO<30%

With ILD and serial data

5 Scenario 3 AND Low
No/Minimal progression
on CT
< 5% decline FVC
< 10% decline TLCO

6 Scenario 4 AND
Moderate progression
on CT
> 5% decline FVC
>10% decline TLCO

High

High

2The full scenariosare described in the supplementary material

use of DMARDs and diabetes as risk-factors for meth-
otrexate-induced ILD [9-11]. However, the comprising
studies for these data are small with 48 cases in approx-
imately 1350 exposed patients [12—14]. Therefore the
evidence for risk factors for DIILD is poor.

The aim of this global Delphi exercise was to ascer-
tain physician-perceived risk-factors for pneumotox-
icity. There are no equivalent Delphi studies to which
these data can be readily compared. Fewer than 30% of
respondents counsel patients for pneumotoxicity when
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starting azathioprine, belimumab, canakinumab, filgo-
tinib, hydroxychloroquine, ixekizumab, mycophenolate
mofetil, sarilumab, secukinumab or upadacitinib. These
drugs were deemed ‘safe’ in terms of pneumotoxicity by
the majority of physicians and indeed there are no or very
few citations of DIILD in the Pneumotox database (www.
pneumotox.com) for these drugs. Pulmonologists gener-
ally perceived a higher risk of pneumotoxicity with drugs
compared to rheumatologists. For example, significantly
more pulmonologists than rheumatologists would coun-
sel patients for pneumotoxicity starting abatacept, anak-
inra, baricitinib, tofacitinib, rituximab, tocilizumab, or
ustekinumab. Importantly, pulmonologists represented
around 70% of total respondents and are likely to see the
majority of cases of significant pneumotoxicity, but they
are not the primary prescriber of these drugs. This likely
explains why these drugs are preceived to be as more
risky by pulmonologists than rheumatologists. Metho-
trexate is the most well reported and recognised cause of
DMARD-associated DIILD, but there is growing appreci-
ation that this drug might delay the onset of rheumatoid-
arthritis associated ILD [15, 16].

The majority (>70%) of physicians believed that history
of previous DMARD associated pneumotoxicity, age,
smoking, nature and activity of underlying CTD, renal
function, left ventricular failure, pulmonary hyperten-
sion/cor-pulmonale and presence, severity and previous
progression of pre-existing ILD are relevant risk factors
despite the poor evidence-base for these perceptions.
Although diabetes is cited as a risk factor in the literature
based on relatively small studies, only 26% respondents
felt this was the case.

In particular more than 90% of pulmonologists, rheu-
matologists or both perceived that the presence of ILD,
ILD severity, ILD progression prior to starting DMARDs
and smoking are risk factors for developing pneumotox-
icity. Usual Interstitial Pneumonia (UIP) pattern or hon-
eycombing on HRCT scan was deemed to be a higher
risk factor than other patterns of ILD. The Delphi exer-
cise did not seek to address the underlying reasoning for
physician-perceived risk factors but the majority felt con-
fident in counselling patients of the risks (median score 5
where 0 is ‘no confidence and 7 is ‘extremely confident).
The assumption is that physicians use their experiential
knowledge, and inherent biases, to estimate risk. The vast
majority of responding physicians perceive that under-
lying progressive severe ILD and current smoking are
high risk factors, so it may be speculated that physicians
perceive that introducing a drug that perturbs immune
function into an environment that already harbours
inflammation or fibrosis may trigger DIILD. It is also per-
tinent that several of the perceived risk factors for DIILD,
such as age, forced vital capacity (FVC), Transfer factor
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for carbon monoxide (TLCO), UIP pattern on HRCT and
historical progression of ILD, are also recognised risk fac-
tors for future progression of fibrotic ILDs [17]. Aware-
ness of this may influence respondents’ perception of risk
factors for DIILD.

There are some strengths to this study. The evidence
base for risk factors is poor which often drives variable
decision-making but the clinical problem is significant
and therefore appropriate for a Delphi exercise. The
global experience of the respondents is substantial and
the number of respondents is reasonable with<15%
attrition between Tiers, but this is still a relatively small
sample.

There are a number of limitations to this study. Whilst
potential participants were contacted in all continents
and more than 40 countries, most respondents were from
Europe and North America and will inevitably reflect
their local practice and perceptions. For example, ethnic-
ity was not thought to be a risk factor for DIILD by the
majority of respondents. However, it is likely that genetic
predetermination and ethnicity are risk factors for pneu-
motoxicity, as suggested in acute exacerbation of ILD
and DIILD due to the tyrosine kinase inhibitors, metho-
trexate and leflunomide in South East Asia [18, 19]. The
study is best described as a modified-Delphi exercise;
whilst respondents were given feedback and opportunity
to revise answers, complete consensus was not required.
Rather a predetermined majority of >70% was deemed
sufficient. Finally, none of the benefits of these potentially
transformative drugs are captured in this study. In clini-
cal practice, physicians would convey both risks and ben-
efits when counselling patients.

A risk-evaluation tool derived from the tables will be
developed and its performance evaluated in a prospective
study. A validated risk evaluation tool could be used as
an adjunct to decision making particularly with regard to
treatment choice. For example, patients deemed at very
low or low risk may only require lung function or radi-
ologicalfollow up if respiratory symptoms arise whilst
patients deemed at high-risk would require careful coun-
selling about the development of lung symptoms and
regular monitoring for early signs of respiratory compro-
mise after starting DMARD.

Conclusions

Counselling patients for developing pneumotoxicity with
rheumatological drugs is common in clinical practice but
the evidence base for the associated risk factors is poor.
This modified international Delphi exercise identified
physician-perceived risk factors for developing pneumo-
toxicity and forms the basis of a risk evaluation tool that
if validated may aid clinical decisions in the absence of
suitable evidence.
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