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ABSTRACT

Background: Desquamative Interstitial Pneumonia (DIP) is a rare form of idiopathic interstitial
pneumonia (IIP). Data on clinical features, aetiology, prognosis and effect of treatment strategies are
limited. We aimed to collect all published cases to better characterise DIP.

Methods: A systematic literature search was performed for all original cases of adult patients with
histopathologically-confirmed DIP. Individual patient data were extracted and summarised.

Results: We included 68 individual cases and 13 case series reporting on 294 cases. Most common presenting
symptoms were dyspnoea and cough. Pulmonary function showed a restrictive pattern (71%) with decreased
diffusion capacity. We found a high incidence (81%) of ever smoking in patients with DIP and 22% of patients
had other (occupational) exposures. Characteristic features on high-resolution computed tomography (HRCT)
scan were bilateral ground-glass opacities with lower lobe predominance (92%). Treatment and duration of
treatment widely varied. Initial response to treatment was generally good, but definitely not uniformly so. A
significant proportion of patients died (25% of individual cases) or experienced a relapse (18% of individual cases).
Conclusion: DIP remains an uncommon disease, frequently but not always related to smoking or other exposures.
Furthermore, DIP behaves as a progressive disease more often than generally thought, possibly associated with
different underlying aetiology.
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Introduction

Desquamative interstitial pneumonia (DIP) is a rare form of idiopathic interstitial pneumonia (IIP), as
classified by international multidisciplinary consensus classification guidelines [1]. The term DIP originates
from the original studies in the 1960s, when it was thought that the histologically observed alveolar infiltrates
stemmed from alveolar epithelial cell desquamation [2]. Later, it was shown that instead of desquamation,
the infiltrates represent alveolar filling with pigmented macrophages. Nonetheless, the European Respiratory
Society (ERS) and the American Thoracic Society (ATS) have preserved the term DIP since it is a rare entity;
however, the term alveolar macrophage pneumonia was considered at times [3, 4].

DIP is usually associated with exposure to tobacco smoke; however, the association between smoking and
DIP is less robust than with several other smoking-related lung disorders, as a substantial proportion of
patients diagnosed with DIP (9-42%) were never smokers in small series of patients. Other inhaled
exposures are indicated as potential culprits and in some cases are highly probable, but little is known
regarding precise aetiology or dose response relationships. Occupational exposure, drug reactions and
autoimmune diseases, as well as passive smoking, have also been linked to the disease, although not as
consistently as tobacco exposure [4].

A diagnosis of DIP cannot be reliably established based on clinical and radiological features alone and
ideally requires a (surgical) lung biopsy. The histomorphology is characterised by the diffuse accumulation
of numerous pigmented macrophages within most of the distal airspace of the lung and, sometimes, an
admixture of eosinophils and/or giant cells. Even in histology, it is difficult to discriminate DIP from
disorders in the same spectrum involving pigmented macrophages, such as respiratory bronchiolitis
interstitial lung disease (RB-ILD).

According to the current guidelines, diagnosis of DIP should be established in a multidisciplinary team
(MDT) meeting, integrating medical history and radiology, as well as bronchoalveolar lavage (BAL) and
pathology findings. However, good consensus criteria are still lacking due to the lack of knowledge of this
disease, likely leading to under-recognition of DIP in clinical practice [1]. Series in the literature are
limited in number and small in size. Data on the clinical features and aetiology of DIP are limited and
even less is known with respect to prognosis and the effect of treatment strategies.

The aim of this study is to systematically collect all cases and case studies published to date, in order to
more precisely characterise the disease regarding clinical characteristics, exposures and radiology, as well as
pathology features, treatment strategies and outcomes.

Methods

Search strategy

A systematic literature search was performed in six online databases (PubMed, Embase, Medline, Web of
Science, Cochrane and Google Scholar), for articles between 1965 and February 2019. For this search, the
medical subject heading (MeSH) terms “desquamative interstitial pneumonia”, “desquamative interstitial
pneumonitis” and “DIP” were used. Additional articles were identified through the reference lists of the
already identified papers. All original case reports and case series of adult patients with
histopathologically-confirmed DIP were included in this review. However, articles were restricted to those
published in the English language and were excluded if data extraction was not possible due to limited
available information about individual cases (supplementary figure 1). Conference abstracts were also
excluded, as not enough data could be extracted. This systematic review was pre-registered in the Prospero
registry for systematic reviews, with registration number CRD42019136304.

Outcomes

All included articles were assessed according to a pre-specified scoring form (for details, see the Prospero
database). Cases and case series were screened for clinical data, such as symptoms, physical examinations,
comorbidities, smoking status and other exposures, treatment of DIP and outcomes. Furthermore,
radiological and histopathological parameters were evaluated.

Data analysis

Available data were extracted and then collected and analysed using Microsoft Excel 2010 (Microsoft
Corp., Redmond, WA, USA). Not all parameters were available in all reports. Data are presented as n/n
(%) and summarised as n/n (%) of available data. For statistical analysis, outcomes were categorised as
favourable (remission, improvement or stabilisation) versus unfavourable (deterioration, relapse, death or
transplantation). Differences in outcomes between groups of patients were evaluated with Chi-squared
tests using SPSS software, version 25.0 (IBM Corp., Armonk, NY, USA).
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Results

The systematic search retrieved a total of 961 articles (supplementary figure 1), which were screened for
eligibility by two authors (M.E. Hellemons and C.C. Moor). In case of disagreement, articles were
discussed with a third author (M.S. Wijsenbeek) until consensus was reached. After exclusion of irrelevant
articles this search resulted in the inclusion of 75 studies in the analysis [5-66]. Of these 75 studies,
62 were case reports reporting on 68 cases and 13 were patient series reporting on three or more patients
each, with a total of 294 cases [2, 67-78]. There were a number of case series from which individual
patient data could not be reliably extracted and these series were excluded from this review (supplementary
figure 1).

Clinical characteristics

In the 362 published cases that we collected, 224 patients were male (62%) (table 1). The mean age at
presentation was 40-50 years, but ranged from 16-79 years. Based on reported clinical data from 147
cases, the vast majority of patients presented with exertional dyspnoea (86%) and cough (65%) (table 1).
Other symptoms included fever (31%), chest pain (19%), fatigue (22%) and anorexia or weight loss (13%).
A few patients mentioned symptoms such as arthralgia (n=3), Raynaud’s phenomenon (n=3), abdominal
pain (n=3) and haemoptysis (n=2). The average duration of complaints prior to diagnosis was 13 months
and ranged from 1 week to 10 years. A minority of patients (8%) had no complaints at all; diagnosis of
these patients was made after incidental findings on chest radiograph or computed tomography (CT)
images. Upon physical examination, crackles were heard in 64% of patients and clubbing was present in
33%. Physical examination was unremarkable in approximately one fifth of patients (19%).

Pulmonary function tests

Pulmonary function tests (PFTs) at diagnosis most commonly showed a restrictive pattern with decreased
diffusion capacity (71% of cases). Less commonly, an obstructive or a combined restrictive and obstructive
pattern was shown, especially in heavy smokers. Pulmonary function was completely normal in 8-20% of
cases.

Bronchoscopy

Data on cellularity of BAL in DIP was scarce (it was only available in eight out of the 68 cases and in two
series) [7, 12, 14, 18, 21, 24, 46, 48, 77, 78]. BAL generally demonstrated high numbers of pigmented
macrophages, but with a considerable range. The largest number of BAL procedures in DIP (n=9) was
reported by Batomra et al. [77]. The number of pigmented macrophages in this series ranged from 55-98%.

In a series of BAL procedures in interstitial lung disease (ILD), it was reported that eosinophil counts were
generally low in DIP (mean 5-10%) but differed significantly between patients [79]. In the series by
Baroira et al. [77], eosinophils were above 10% in two out of nine patients. In the series from KawaBaTA
et al. [78] higher eosinophil counts were shown (on average 17%), with a range from 0-62% in 26
patients. Transbronchial biopsies usually failed to establish a diagnosis of DIP and, in the series from Ryu
et al. [75], this procedure was performed seven times without diagnostic results. In the series from Barora
et al. [77], transbronchial biopsies suggested DIP in three out of nine cases. All cases were confirmed with
a surgical lung biopsy.

Aetiological factors

Smoking

Smoking is the most well known contributor to DIP, although the correlation is not as strong as seen with
other smoking-related ILDs such as Langerhans’ cell histiocytosis and RB-ILD [80]. In the published
studies, smoking status was reported in 161 patients (44%); however, in the earliest reports especially,
smoking status was often not mentioned. The earliest publication of a potential relationship with smoking
exposure dates from 1987, 22 years after the entity of DIP was first described [81] and most reports after
1990 mention smoking status. We found a high incidence (81%) of ever smoking in patients with DIP, of
whom the majority (n=113) were active smokers at the time of diagnosis. Only 17 patients were former
smokers and a considerable proportion of patients had never smoked (19%) (table 2).

Other exposures

Other exposures were mentioned as possible causes of DIP in 22 out of the 68 individual cases (34%). Of
these 22 cases, eight patients were also current smokers. Five series reported on exposures and 11 out of 84
patients (13%) had other exposures. Most exposures were occupation related and caused by inhalation of
organic or inorganic dust. Reported professions possibly associated with DIP were farmer (n=4), metal
worker (n=4), auto mechanic (n=1), fire fighter (n=1), mine worker (n=1), rock blaster (n=1) and painter
(n=1). Other patients worked in a potato chip factory (n=1), a wood chip factory (n=1), had exposure to
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TABLE 1 Patient demographics and clinical characteristics

Study (first author) Liebow Gaensler Tubbs Valdivia Carrington Yousem Hartman  Akira Travis Ryu Craig Baloira Kawabata Individual cases Total
Country of study USA USA USA USA USA USA Canada  Japan USA USA UK Spain Japan Various -
Year published 1965 1966 1977 1977 1978 1989 1993 1997 2000 2004 2004 2007 2012 1966-2019 -
Patients 18 12 26 30 40 36 22 8 16 23 20 12 31 68 362
Male gender 10 (56) 7 (58) 17 (65) - 28 (70) 26 (72) 6(22) 7 (88) 7 (44) 11 (48) 12 (60) 12 (100) 29 (9¢6) 52 (76) 224 (62)
Age years 42 (16-61) 39 (17-65) 52 (24-75) - 42+12 42 (17-67) 43 (22-71) 56+8  42(27-79) 4610 43 (27-74)  50£16 55+13 45£14 -
Non-productive cough 14 (78) - 17 (65) - - - - - - 10 (43) - 9 (75) - 46 (68) 96/147 (65)
Exertional dyspnoea 18 (100) - 23 (88) - - - - - - 20 (87) - 7 (58) - 58 (85) 127/147 (86)
Chest pain 9 (50) - 1(4) - - - - - - 4(17) - 0(0) - 12 (18) 26/147 (19)
Fever - - - - - - - - - - - - - 21 (31) 21/68 (31)
Fatigue - - - - - - - - - - - - - 15 (22) 15/68 (22)
Anorexia/weight loss 6 (33) - 1(4) - - - - - - - - - - 8(12) 15/112 (13)
Symptoms prior to 17 (2-72) - - - - - - - - - - - - 14 (0.25-120) 13 (1-120)
presentation months
No symptoms - - 1 (4) - - - - - - 1 (4) - 1(8) - 5(7) 8/129 (6)
(incidental finding)
Normal physical - - - - - - - - - - - - - 13 (19) 13/68 (19)
examination
Crackles - - 17 (65) - - - - - - 13 (57) - 11(92) - 41 (72) 82/129 (64)
Clubbing 5 (28) - 12 (46) - - - - - - 6 (26) - 7 (58) - 18 (32) 48/147 (33)

Data are presented as n, n (%), n/n (%), meantsp, or mean (range). Available data from case

available data.

series and individual cases are presented. Totals data are summarised as percentages of
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TABLE 2 Patient smoking history

Study (last name

first author) Tubbs Carrington Yousem Akira Travis Ryu Craig Baloira Kawabata Individual cases Total
Patients 26" 407 36 8 16 23 20 12 31 68 359
Smoking status
Active smoking - - - 6 14 18 12 4 28 31 113 (70)
No active smoking - - - 2 0 5 8 8 2 24 49 (30)
Former smoking - - - 1 0 2 0 6 0 9 17 (11)
Never smoking - - - 1 0 3 8 2 2 15 31 (19)
Unknown 26 40 36 0 2 0 0 0 1 13 200 (56)
Smoking duration >10 >10 3 - 38(3-75) 39(10-90) 25 (3-80) - 52+41 42 (5-150) -
pack-years

Data are presented as n, n (%), mean#sp, or mean (range). Available data on smoking exposition in case series and individual cases are
presented. Totals data are summarised as percentages of available data. *: 58% of patients smoked more than 10 pack-years. The proportion
of ever smoking or active smoking patients is unknown. T: 90% of patients smoked more than 10 pack-years. The proportion of ever smoking or
active smoking patients is unknown.

asbestos (n=6), beryllium (n=1), hairspray (n=3), waterproofing spray (n=1), diesel fumes (n=1), fire
extinguishing powder (n=1), plastic fumes (n=1) or insecticides (n=2). Finally, in one case, a recent tattoo
was proposed as a possible trigger for development of DIP [14]. An unequivocal causal relationship
between exposure and the occurrence of DIP could not be established in any of these cases, however, nor
was there any information on the level of exposure.

Comorbidities and medication

A number of patients had auto-immune diseases, such as systemic sclerosis (n=3), rheumatoid arthritis
(n=3) and systemic lupus erythematosus (n=2). These and other potentially related comorbidities can be
found in supplementary table 1. In the case series, a significant proportion of patients also presented with
positive auto-antibodies, but did not meet diagnostic criteria for a systemic disease (supplementary table
1). In two cases a possible association with chronic monomyelocytic leukaemia was suggested, although
the relationship to DIP could not be elucidated [29]. Remarkably, DIP was also linked with infectious
diseases such as hepatitis (n=3) and cytomegalovirus (n=1) [12, 15, 16, 65]. In these cases it was not
always clear whether the disease itself or its pharmacological treatment (interferon/ribavirin) might have
caused DIP. Furthermore, nitrofurantoin (n=2), sirolimus (n=1) and sulfasalazine (n=1) were mentioned
as potential triggers [33, 47, 65]. Again, causality could not be established in any of these cases with
certainty.

Idiopathic DIP

Of the 15 individual cases without smoking history, five had other potential triggering exposures. Of the
remaining 10 patients, three had positive antinuclear antibodies (ANA) and one of these three also had a
positive rheumatoid factor. Whereas in the seropositive cases it remains unclear whether the underlying
auto-immunity was a cause of DIP, at least seven cases remain truly idiopathic. In the series from Craic
et al. [76], two out of the eight never smokers had occupational exposure and two had a positive
rheumatoid factor. Again this leaves 50% of the cases without any potential underlying trigger. In other
series, data about idiopathic DIP could not be extracted.

Radiology

In the oldest case reports only radiographs were described, as CT scans were not yet available. As such,
data from 217 radiographs and 114 high-resolution computed tomography (HRCT) chest scans were
presented in the published cases. The vast majority of the reported radiographs (90%) demonstrated a
bilateral interstitial pattern, mainly with basal predominance (78%). However, in a small percentage of
cases (10%) the radiograph showed no abnormalities (supplementary table 2).

All HRCT scans showed interstitial abnormalities. Radiologically, DIP is typically characterised by the
presence of bilateral ground-glass opacities located in the basal parts of the lung (seen in 92% of patients)
and is often associated with fine reticulation. A typical case is shown in figure 1. Other reported HRCT
features were irregular reticulation, traction bronchiectasis and cysts. The cystic changes described in the
articles ranged from minor cystic lesions to honeycombing, making interpretation difficult. Nonetheless, it
is notable that in a significant number of cases there were not only ground-glass opacities but also clear
signs of fibrosis, with architectural distortion, traction bronchiectasis and honeycombing.
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FIGURE 1 Typical example of high-resolution computed tomography (HRCT) findings in desquamative
interstitial pneumonia (DIP). Axial a) and coronal b] computed tomography (CT) slices show bilateral basal
and peripheral ground-glass opacity. Some superimposed fine linear opacities are also seen, especially on
the left side (coronal slice b)), corresponding with thickened inter- and intralobular septa.

Pathology features

All cases in this review were confirmed by pathology. Nonetheless, specific pathological features were often
not mentioned. Histopathologically, DIP is characterised by diffuse filling of alveolar spaces with
(pigmented) macrophages, as well as diffuse widening of alveolar septa, suggestive of a fibrotic
non-specific interstitial pneumonia (NSIP) pattern. Reactive pneumocytic epithelial cells and sporadic
eosinophils can also be seen. A typical case is shown in figure 2.

Descriptive pathology data could be extracted in two out of 13 case series and in 93% of individual cases.
Filling of alveoli with macrophages is considered to be the main histological hallmark of DIP and was
described in all published cases. These macrophages often contain a variable amount of diffuse light
brown pigment. However, in many included cases pigmentation of macrophages was not discussed in
detail. Other frequently described histological features were increased septal thickening, interstitial
inflammation and the presence of lymph follicles and eosinophils (supplementary table 3). Furthermore,
interstitial fibrosis, fibrosing pleuritis and cuboidal cell metaplasia have been mentioned in a number of
patients.

Treatment

As an initial treatment strategy, removal of the suspected culprit exposure, either alone or combined with
steroids, was only mentioned in 27 cases (23%). It is likely that smoking cessation combined with medical
interventions was the most prevalent strategy, but this was not always mentioned.

Treatment was initiated in 91% of cases and, in the majority, this was treatment with corticosteroids (most
frequently prednisolone, less commonly intravenous or oral methylprednisolone). Dosage of steroids was
very diverse and ranged between 15 mg-day™' (prednisolone) to 1 g-day™' (methylprednisolone). Likewise,
the duration of treatment with steroids was extremely diverse, ranging from 2 weeks to several months and
maintenance treatment.

FIGURE 2 Typical examples of histopathological findings in desquamative interstitial pneumonia (DIP) using a hematoxylin-eosin stain. The
low-power view a) demonstrates diffuse filling of alveolar spaces with macrophages, as well as diffuse widening of alveolar septa (asterisks)
suggestive of a fibrotic non-specific interstitial pneumonia (NSIP) pattern. Scale bar=1 mm. The medium-power view b] shows complete filling of a
single alveolus with slightly pigmented macrophages (asterisk). Scale bar=0.1 mm. The high-power view c] shows reactive pneumocytic epithelial
cells, alveolar filling with macrophages and sporadic eosinophils (arrows). Scale bar=0.05 mm.
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Other treatments that were given with lower frequency included: antibiotics (such as clarithromycin),
azathioprine, ribavirin, chloroquine and cyclophosphamide. In most but not all cases these treatments
were instituted after failure of corticosteroids or as a steroid-sparing strategy.

Treatment response

Data on specific responses to smoking cessation or removal of another culprit exposure were not available.
Assessing overall treatment response amongst all studies, initial response to treatment was generally good,
but this was definitely not uniform (table 3). Of 60 cases reporting on outcome, 38 had a good outcome
(63%) and five patients (8%) were stable. However, 15 patients (25%) died and two patients (3%)
underwent lung transplantation. In addition, at least 18% of cases experienced a relapse after cessation of
treatment. In the series from CARRINGTON et al. [70], a treatment effect was suggested and prognosis
seemed to improve with treatment. In untreated patients, 22% improved over a course of 6.8 years, 15%
were stable and 62% worsened. However, in patients who were treated, 62% improved, 11% was stable and
27% worsened over a course of 3.1 years.

Looking at objective outcomes such as repeated PFTs only seven out of 39 cases with reported PFT data
normalised (18%), 15 improved (38%), 10 stabilised (26%) and seven deteriorated (18%). There may be an
underestimation of declining lung function, as patients who rapidly deteriorated or died frequently did not
have repeated PFTs and follow-up was generally short or not reported.

Strikingly, when looking at the 55 individual cases with known smoking history and outcome, 70% of the
cases with smoking history (28 out of 40 cases) had a good outcome (improvement or clinical stability)
versus only 40% in the patients without smoking history (six out of 15 cases) (p=0.04 by Chi-squared
test). Furthermore, women had a worse outcome compared with men as 41% of women (seven out of 17
cases) had a good outcome versus 71% of men (36 out of 51 cases) (p=0.029). However, women were also
more frequently never smokers (46%) compared with men (21%). Clubbing was not associated with worse
prognosis (p=0.83) or fibrosis (reticulation) on HRCT scan (p=0.67). No association was found between
fibrosis (reticulation) on HRCT scan and outcome (p=0.73), but numbers were small (n=29).

Discussion

To our knowledge, this retrospective series is the most comprehensive collection of published cases of DIP
to date, stretching from the initial report of DIP in 1965 to this year. In total we found data on 362 cases,
which were summarised in this review. For an uncommon disease, this review therefore presents the most
complete overview of DIP to date, of its features and of its outcomes.

TABLE 3 Treatment strategies and outcomes

Individual
Study (last name first author) Tubbs Carrington Yousem Akira  Travis Ryu Baloira Kawabata cases Total
Treatment - 26/40 (65) - - - 21/23 (91) 12/12 (100) 31/31 (100) 61/67 (91) 151/173 (87)
Removal of exposure - - - - - 4127 (15) 17/31 (55) 6/61 (10) 27/119 (23)
Prednisolone - - - - - 21/23 (91) 9/12 (75) 31/31 (100) 58/67 (86) 119/133 (89)
Other first/second line treatment - - - - - - 3/12 (25) - 12/67 (18) 15/79 (19)
Follow-up years - 3.1x2.8 9(0.8-22) 3.2¢1.3 - 3.1£3.7 1.9(0.8-5.8)  8.25 - -
Outcome
Improvement 7/14 (50) 16/26 (62) 14/25 (56) 2/6 (33) - 1/19 (5)  4/8 (50)  30/31 (97)* 37/66 (57) 111/195 (57)
Stable - 3/26 (11) 3/25(12) 3/6 (50) 12/18 (67)12/19 (63)  2/8 (25) - 5/66 (8) 37/168 (22)
Worsened 7/14 (50) 7/26 (27) 8/25(32) 1/6 (147) 5/18 (28) 1/19(5)  2/8 (25)  5/14 (36) - 26/130 (20)
Death - - - - 1/18 (6)* 5/19 (25)7 - 1/31(3) 14/66 (22) 21/134 (16)
Transplantation - - - - - - - - 2/66 (3]  2/66 (3)
Relapse - - - - - - - - 12/62 (18] 12/62 (18)
PFT
Normalised - - - - - - - - 7/39 (18)  7/39 (18)
Improved - - - - - - 6/9 (67) - 15/39 (38) 16/48 (33)
Stabilised - - - - - - 1/9 (11) - 10/39 (26) 11/48 (23)
Deteriorated - - - - - - 2/9 (22) - 7/39 (18)  9/48 (19)

Data are presented as n/n (%), mean, meanzsp, or mean (range). Available data from case series and individual cases are presented. Totals
data are summarised as percentages of available data. PFT: pulmonary function test; CT: computed tomography. *: patient committed suicide;
7. two patients died of cancer; *: five out of 14 patients with follow-up CT developed honeycombing during follow-up. Outcomes were not
uniformly good as suggested by these data.
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As evidenced by the reported cases, DIP generally presents in the fifth decade of life and there is a slight
male predominance. DIP has also been reported in children (41 articles in the literature search) but, as the
aetiology is probably different (with mostly familial cases), we excluded paediatric cases in the current
review. Most patients complain of exertional dyspnoea and dry cough and have had complaints for a
considerable time prior to definitive diagnosis. Crackles are the most frequent remarkable finding at
physical examination. Generally, pulmonary function shows a restrictive pattern with a decreased diffusion
capacity and smoking is the most commonly related trigger. Radiologically, diffuse bilateral ground-glass
abnormalities with lower lobe predominance are noted. Histologically, the disease is characterised by a
diffuse intra-alveolar presence of pigmented macrophages, with a frequent admixture of a moderate
number of eosinophils and a varying amount of interstitial fibrosis. Most patients are treated with steroids,
with reasonable effects.

These general findings are in line with most individual reports on DIP; nonetheless, the itemised overview
of reported clinical symptoms and other findings provides more precise insights into the spectrum of
disease characteristics than those that have thus far been published based on individual small series of
patients. We believe that some of our findings are worthy of more in-depth discussion and may generate
new questions to target future research in DIP.

In the latest international classification of IIPs from the ATS and the ERS from 2013 [1], DIP is one of the
major IIPs and grouped as a smoking-associated IIP together with RB-ILD. Smoking is and remains the
most strongly implicated risk factor for DIP. Nonetheless, our overview shows that a significant number of
the cases (at least 19%) were never smokers and 11% were former smokers at time of diagnosis, indicating
that smoking is not the sole cause of DIP. This is in contrast to RB-ILD, which is almost invariably
associated with smoking [76, 82].

This leads to the question of whether DIP is justifiably classified amongst the smoking related IIPs. Other
aetiologies for DIP have been suggested, mostly occupational exposures and less frequently auto-immune
diseases [4]. However, causality cannot be established in many cases and frequently no other potential
trigger is found at all, which renders cases truly idiopathic. Many still believe that RB-ILD and DIP
comprise similar clinical entities along a spectrum but, given the important difference in exposure to
smoking (with DIP not invariably being associated with smoking), this paradigm can be challenged for at
least a proportion of patients with DIP. Also, DIP seems to have a more aggressive course of disease and
there is no evidence that RB-ILD progresses to DIP [76]. It remains unknown whether smoking-related
DIP, occupational exposure related DIP and idiopathic DIP have similar characteristics and responses to
treatment. Interestingly, regarding prognosis, the pooled data in this review revealed that in the patients
with both smoking history and outcomes reported, the (former) smokers had a better prognosis than the
other patients with DIP. In addition, women appeared to have worse outcomes, although it should be
noted that women were more frequently non-smokers.

In many cases of DIP, BAL is performed to exclude infectious disease; however, BAL including cell count
appeared to be performed only rarely in the work-up for DIP. In the few cases for which BAL cell counts
were available, the range of outcomes was very wide and findings such as large numbers of pigmented
macrophages were not specific, as they can also be found in other conditions, for example RB-ILD. BAL
alone is therefore not suitable for making a distinction between these entities. In some patients with DIP,
very high eosinophilia counts were found in BAL [78]. Whether this would have prognostic implications,
in analogy with idiopathic pulmonary fibrosis (IPF), remains unclear [83, 84].

Even though DIP is often present diffusely in the lung, the yield of transbronchial biopsies seems limited,
if they are performed at all. Possible reasons can be sampling error and the fact that information regarding
the distribution of abnormalities (i.e. predominance around the respiratory bronchioles versus a more
uniform distribution) is necessary to distinguish between RB-ILD and DIP. Therefore, other methods of
obtaining a tissue sample remain indicated and diagnosis is still best made using a (surgical) lung biopsy.
Data on the value of cryobiopsy are not available at present, in particular because DIP patients are often
grouped with RB-ILD patients in the literature on cryobiopsy [85]. However, the field of cryobiopsy is
rapidly evolving and recent data show that cryobiopsy has a comparable diagnostic yield to surgical lung
biopsy if performed in expert centres and combined with an MDT [86, 87]. Future studies should reveal
whether DIP can be reliably distinguished from RB-ILD using cryobiopsy.

In 1978, CARRINGTON et al. [70] compared DIP to usual interstitial pneumonia (UIP) and showed that DIP
responded well to corticosteroids, with a good prognosis in contrast to patients with UIP. Generally, DIP is
still considered to have a good prognosis, especially if smoking is discontinued early in the course of the
disease. This view is also reflected in the current disease behaviour classification from the guideline, which
states that most cases of DIP can at least be stabilised [1]. In addition, other reviews conclude that with
treatment most patients remain stable or improve and that complete recovery is possible [4, 88]. Survival
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rates of 90% at 10 years have been reported [78]; however, these prognostications are based on small
numbers of patients. When considering prognosis more systematically, based on all published cases as we
have done in the current review, a less optimistic image appears. Thus, based on the data on lung function
testing, around 50% of patients improved; however, many did not improve and retained significant
complaints and pulmonary dysfunction, or even deteriorated despite treatment. In the published cases
more than one fourth of patients died or underwent lung transplantation despite treatment. In addition, at
least 18% of cases experienced a relapse after treatment. The latter figure is most probably a notable
underestimation, as follow-up was relatively short in many of the described cases. All of this indicates a
less benign course of disease than is frequently suggested.

The first step in treatment of DIP is removal of the supposed culprit exposure, if present. The search for a
potential culprit exposure should be done by an experienced team and should be very thorough. However,
data on specific responses to smoking cessation or removal of another culprit exposure were not available.
Nevertheless, it is our opinion that the removal of the suspected culprit exposure deserves explicit
attention in patients with DIP, given the important link with smoking and other exposures and should
always be attempted.

Generally, further treatment consists of corticosteroids with very diverse dosing or duration of treatment
regimens having been reported. The evidence for a treatment effect is sparse. Looking at the series from
CARRINGTON et al. [70], the course of disease was more favourable in treated patients (62%) than in those
without treatment (22%). This finding and the individual effects reported in the cases imply a possible
beneficial effect of steroid treatment for some patients, although reporting bias may play a role in these
findings.

If deterioration occurred despite steroid treatment even more diverse treatment strategies were considered,
such as more intensive immunosuppression with azathioprine or cyclophosphamide, or
immunomodulatory therapies using antibiotics. Too little data are available to suggest an optimal
treatment strategy or its expected effects. In selected cases, lung transplantation was the final treatment
option; however, relapses after transplantation have been described [20, 49]. Recently, nintedanib was
found to significantly slow down lung function decline in patients with different forms of progressing
fibrotic lung diseases, including DIP [89]. In the absence of other treatment options for the DIP subgroup
with the worst prognosis, this may be a treatment option to consider.

There is ongoing debate as to whether the terminology of DIP is still valid or whether DIP belongs to the
IIP group or not. We believe that there is sufficient data to support moving DIP from the IIP group to the
group of diffuse parenchymal lung diseases of known cause [1]. With current knowledge DIP is,
technically speaking, no longer the most suitable name for this disease; however, changing it will not do
justice to the research done to date, will probably lead to confusion for patients, doctors and researchers
and will delay further research projects. To advance the field of DIP research, a Delphi survey could form
a basis for a statement initiative to come to uniform diagnostic criteria (in analogy with recently published
work on hypersensitivity pneumonitis), allowing for the set-up of clinical trials and multinational registries
in the coming years [90].

In conclusion, with this review we aimed to collect all published cases and case series to more precisely
characterise DIP. We provide summarised estimates of clinical findings, exposures, and radiology and
pathology features, as well as treatments and outcomes. These estimates are, compared to the available data
from small individual series of patients, the most precise available to date. These results are affected to an
unknown extent by publication bias and the sometimes limited quality of the reports. Nonetheless, we can
conclude that DIP remains a rare disease, frequently but not always related to smoking or other exposures.
Furthermore, in a reasonable subgroup of patients, DIP behaves as a progressive disease more often than
generally thought, which in some cases is possibly associated with a different underlying aetiology.

Despite this review yielding interesting and novel information, many questions remain. International
collaboration is needed to prospectively collect structured data for rare diseases such as DIP in shared
registries. Only in that way will we be able to truly answer questions regarding aetiology, effects of removal
of exposure, optimal treatment and outcomes. This will be pivotal to improving prevention, diagnosis and
treatment of DIP.
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