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ABSTRACT

Acute exacerbation (AE) of interstitial pneumonia (IP) shows poor prognosis, due to the typical
histological pattern of diffuse alveolar damage superimposed upon lung fibrosis. The previous reports
comparing clinical features between AE of idiopathic interstitial pneumonias (IIPs) and those of IPs with
known etiology are limited. We retrospectively compared clinical parameters including age, sex, Charlson
Comorbidity Index score (CCIS), blood biomarkers at diagnosis of AE, treatment, and 3-month mortality
between patients with AE of IIPs and collagen vascular disease-associated interstitial pneumonia (CVD-IP).
We assessed 85 patients, comprising 66 patients with AE of IIPs (78%) and 19 patients with AE of CVD-IP
(22%). The least absolute shrinkage and selection operator regression selected CCIS (hazard ratio, 1.281;
95% confidence interval, 1.055-1.556; P = 0.012) and log serum lactate dehydrogenase (LDH) (hazard ratio,
6.267; 95% confidence interval, 2.172-18.085; P < 0.001) as significant predictors of 3-month mortality
among these patients. Also, the adjusted survival curves using sex, CCIS, and serum LDH showed no
significant differences between these two groups. In conclusion, among AE patients, CCIS and serum
LDH level may be more important prognostic factors for 3-month mortality rather than two classification
of IP subtypes: IIPs and CVD-IP.
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IIPs: idiopathic interstitial pneumonias
IP: interstitial pneumonia

IPF: idiopathic pulmonary fibrosis
KL-6: Krebs von den Lungen-6
LDH: lactate dehydrogenase
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INTRODUCTION

Subtypes of underlying interstitial pneumonia (IP) comprise idiopathic interstitial pneumonias
(IIPs), including idiopathic pulmonary fibrosis (IPF) and nonspecific interstitial pneumonia (NSIP),
and etiology-known IPs such as collagen vascular disease (CVD) and chronic hypersensitivity
pneumonia. Acute exacerbation (AE) is generally accepted to occur not only in IIPs, but also
etiology-known IPs.!* The prognosis of AE of IP is poor, which the histological pattern typically
involves diffuse alveolar damage superimposed upon lung fibrosis without obvious clinical causes
like fluid overload, left heart failure, or pulmonary embolism.*® Patients with AE of IPF have
reportedly shown in-hospital mortality rates in excess of 50%.>!" In the retrospective cohort study
including IPF and non-IPF patients, overall survival rates for AE were 67% at 30 days, 43% at
60 days, and 40% at 90 days after admission.'? Other reports have shown mortality rates for AE
of collagen vascular disease-associated IP (CVD-IP) ranging from 34% to 83%.>"

From the above, the prognosis of AE of IP is highly variable, and may be affected not
only by the subtype of underlying IP, but also by various background factors including age,
sex, comorbidities, and triggers of AE onset such as infection, drugs, and surgery. Especially,
evaluation of comorbidities appears important for determining the prognosis of IP. Several stud-
ies have reported significant negative impacts of arteriosclerosis, other cardiovascular diseases,
congestive heart failure, and lung cancer among patients with IPF.!*!"* In previous reports, we
have proposed that the Charlson Comorbidity Index score (CCIS), which reflects the presence
and severity of comorbidities, also exerts a significant impact on treatment prognosis for AE-IP
patients.'*!"” The accuracy of prediction of disease prognosis may be improved by considering
comorbidities (CCIS) among patients with subtypes of IP during AE.

This retrospective cohort study aimed to clarify prognostic factors in the AE of IP patients
and compared treatment prognosis according to the etiology of IP, including idiopathic disease
and CVD.

MATERIALS AND METHODS

Study location and patients

This retrospective cohort study involved patients hospitalized between 2014 and 2018 at
Yokohama City University Hospital and Yokohama City University Medical Center. Medical data
were assessed for 85 patients with acute or subacute IIPs presenting respiratory failure which
required steroid pulse therapy, including AE of IPF and NSIP, acute interstitial pneumonia (AIP),
cryptogenic organizing pneumonia (COP), or AE of CVD-IP. Patients who had not received
steroid pulse therapy were excluded. From the previous studied for the assessment of prognostic
indicators in patients with AE of IPs, we collected for clinical data at the time of starting steroid
pulse therapy including age, sex, diagnosis of IP, CCIS, blood parameters (partial pressure of
oxygen in arterial blood/fraction of inspired oxygen [PaO,/FiO,], Krebs von den Lungen-6 [KL-6;
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normal <500 U/mL], lactate dehydrogenase [LDH; normal, <225 U/L]), high-resolution computed
tomography (HRCT) scores (including ground-glass opacity (GGO) and honeycomb scores) as
assessed independently by two pulmonologists and one radiologists, and treatment regimens
(sivelestat Na hydrate, anticoagulation therapy, steroid use before and after steroid pulse therapy,
and immunosuppressants).'”? We compared the extracted data between acute and subacute IIPs
and AEs of CVD-IP.

Diagnosis of IP

Subtypes of IIP were confirmed from physical, serological, HRCT, and lung pathological
findings, in accordance with the official statement for IIPs.'?' Patients for whom lung biopsy
could not be performed due to severe hypoxemia were diagnosed based on the HRCT classifica-
tion.!?! The diagnosis of CVD-IP was confirmed by physical, serological, and HRCT findings
consistent with IP, and lung biopsy was performed to exclude other pulmonary diseases. AE of
IP was defined as: worsening of hypoxemia reflecting severely impaired gas exchange; worsening
of dyspnea; new appearance of alveolar infiltration on radiography; and absence of alternative
etiologies including pneumothorax, pulmonary embolism, infection, or heart failure.>”

Statistical analyses

Data were statistically analyzed using JMP12 (SAS Institute Inc, Cary, NC, USA) and are
expressed as medians with 25th—75th percentiles or numbers and percentages. Groups were
compared using Wilcoxon rank-sum tests. Survival curves were generated using the Kaplan-Meier
method and compared using log-rank tests. Candidate variables for predictors of 3-month mortality
were selected based on previous studies and were evaluated the statistical significance using the
least absolute shrinkage and selection operator (Lasso) regression.'”'® Differences showing values
of P < 0.05 were considered significant.

Study approval

This research was performed in accordance with the Declaration of Helsinki and was ap-
proved by the institutional review board at Yokohama City University Hospital (approval no.
B171100003). In this retrospective study, consent for participation was obtained by disclosing
the clinical study with a description of the opt-out process (https://www.yokohama-cu.ac.jp/
amedrc/ethics/ethical/fuzoku_optout.html). The severely ill or deeply sedated condition of AE of
IP patients precluded obtaining informed consent from the patients themselves. Written informed
consent was therefore obtained from the relatives or legal guardians of patients.

RESULTS

Patient characteristics

Table 1 shows the characteristics of the study participants. The 85 patients included 66
diagnosed with acute or subacute IIPs, including AE of IPF in 37 and other IIPs in 29 (AE
of idiopathic NSIP, n = 12; AIP, n = 12; COP, n = 5). The remaining 19 patients have AE
of CVD-IP. The CVD-IP involved rheumatoid arthritis in 9 cases, vasculitis in 5, polymyositis/
dermatomyositis in 4, and Sjogren syndrome in 1. Causes of AE were idiopathic in 61 cases,
infection in 5, and aspiration in 2. All patients had been treated with steroid pulse therapy. Tables
2 and 3 show the clinical differences between patients with IIP and CVD-IP. No significant
differences were evident in 3- or 6-month survival rates between groups, or in clinical parameters
other than incidence of male sex and immunosuppressant use before pulse therapy.
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Table 1 Patient characteristic

Characteristic Total patients (N = 85)
Age, years 76 (71-82)
Male, sex 62 (73)
CCIS 2 (1-3.5)
Diagnosis of AE
1Ip
IPF 37 (44)
Non-IPF IIP 29 (34)
CVD-IP 19 (22)

Blood biomarkers
PaO,/FiO, ratio
LDH, IU/L
KL-6, U/mL

HRCT scores
Honeycomb score
GGO score

Treatments
PSL before pulse
PSL pulse
PSL after pulse

Anticoagulant

Neutrophil elastase inhibitor

Immunosuppressant before pulse

Immunosuppressant pulse

Immunosuppressant after pulse

Outcome
3-month mortality

6-month mortality

268 (177-308)
279 (235-387)
925 (565-1569)

2 (0-6)
10 (7-13)

19 (22)
85 (100)
73 (86)
17 (20)
8 (9)
5 (6)
4 (5
18 (21)

19 (22)
23 (27)

AE: acute exacerbation

CCIS: Charlson Comorbidity Index score
CVD-IP: collagen vasculitis disease-associated interstitial pneumonia

GGO: ground-glass opacity

HRCT: high-resolution computed tomography
IIP: idiopathic interstitial pneumonia

IPF: idiopathic pulmonary fibrosis

KL-6: Krebs von den Lungen-6

LDH: lactate dehydrogenase

PaO,/FiO, ratio: partial pressure of oxygen in arterial blood/fraction of inspiratory oxygen

PSL: prednisolone

Results are shown as medians with 25th — 75th percentiles or numbers (%). PaO,/FiO, ratio was
able to be calculated for 84 patients.
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Table 2 Comparison of baseline data between patients with AE of IIP and AE of CVD-IP

Characteristic 3\1E=0f6£l) ?;E:flgC)VD-IP P value
Age, years 76 (71-82) 77 (73-79) 0.920
Male sex 52 (79) 10 (53) 0.029
CCIS 2 (1-4) 2 (1-3) 0.898
Blood biomarkers

PaO,/FiO, ratio 266 (183-309) 296 (148-325) 0.662

LDH, IU/L 286 (237-412) 251 (231-340) 0.094

KL-6, U/mL 944 (527-1765) 870 (588-1210) 0.587
HRCT scores

Honeycomb score 1 (0-5.3) 3 (0-7) 0.156

GGO score 10 (6.8-13) 10 (8-13) 0.836

AE: acute exacerbation

CCIS: Charlson Comorbidity Index score

CVD-IP: collagen vasculitis disease-associated interstitial pneumonia

GGO: ground-glass opacity

HRCT: high-resolution computed tomography

IIPs: idiopathic interstitial pneumonia

KL-6: Krebs von den Lungen-6

LDH: lactate dehydrogenase

PaO,/FiO; ratio: partial pressure of oxygen in arterial blood/fraction of inspiratory oxygen
Results are shown as medians with 25th — 75th percentiles or numbers (%).

Table 3 Comparison of treatment and outcomes between patients with AE of IIP and AE of CVD-IP

AE of IIP AE of CVD-IP

Characteristic (n = 66) (n = 19) P values
Treatments
PSL before pulse 12 (18) 7 (37) 0.085
PSL pulse 66 (100) 19 (100) 1.000
PSL after pulse 55 (83) 18 (95) 0.208
Anticoagulant 14 21) 3 (16) 0.603
Neutrophil elastase inhibitor 8 (12) 0 (0) 0.111
Immunosuppressant before pulse 2 (3) 3 (16) 0.040
Immunosuppressant pulse 3(5) 1 (5 0.896
Immunosuppressant after pulse 10 (15) 8 (42) 0.011
Outcomes
3-month mortality 17 (26) 2 (11) 0.160
6-month mortality 20 (30) 3 (16) 0.210

AE: acute exacerbation

CVD-IP: collagen vasculitis disease-associated interstitial pneumonia

[IP: idiopathic interstitial pneumonia

PSL: prednisolone

Results are shown as medians with 25th - 75th percentiles or numbers (%).
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Logistic Lasso regression

The variables of age, male (vs female) sex, [IP (vs CVD-IP), serum LDH, serum KL-6, PaO,/
FiO; ratio, CCIS, and honeycomb and GGO scores were assessed using logistic Lasso regression
(Table 4). CCIS (odds ratio [OR], 1.281; 95% confidence interval [CI], 1.055-1.556; P = 0.012)
and log serum LDH (OR, 6.267; 95%CI, 2.172-18.085; P < 0.001) were significant predictors
of 3-month mortality. On the other hand, IP diagnosis of IIP or CVD-IP was not significant.

Table 4 The least absolute shrinkage and selection operator regression
for primary predictors of 3-month mortality

Variable Hazard ratio 95% Confidence interval P values
1P vs CVD-IP 0.931 0.198-4.382 0.928
CCIS 1.281 1.055-1.556 0.012
Sex (vs female) 6.587 0.844-51.393 0.072
Log serum LDH 6.267 2.172-18.085 < 0.001

[IP: idiopathic interstitial pneumonias

CCIS: Charlson Comorbidity Index score

CVD-IP: collagen vasculitis disease-associated interstitial pneumonia
LDH: lactate dehydrogenase

Survival curves of patients with AE of IIPs and AE of CVD-IP

The enrolled patients comprised 19 patients with CVD-IPs and 66 patients with IIPs. A ten-
dency was seen toward a difference in 3-month prognosis among these groups, but the result was
not significant (P = 0.314) (Fig. 1). Using the model including sex, CCIS, serum LDH, adjusted
survival curves of patients with AE of IIPs and AE of CVD-IPs provided similar results (Fig. 2).
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Fig. 1 Survival curves for patients with AE of IIP and AE of CVD-IP
The enrolled patients comprised 19 patients with CVD-IPs and 66 patients with IIPs. A tendency was seen, but
no significant difference in 3-month prognosis was identified among groups (P = 0.314).
AE: acute exacerbation
IIP: idiopathic interstitial pneumonia
CVD-IP: collagen vascular disease-associated interstitial pneumonia
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Fig. 2 Adjusted survival curves for patients with AE of IIP and AE of CVD-IP
using the model including sex, CCIS, and serum LDH

Using the model including sex, CCIS, and serum LDH, adjusted survival curves for patients with AE of IIP or
AE of CVD-IP proved to be similar among patients with CVD-IP and those with IIP.
AE: acute exacerbation
IIP: idiopathic interstitial pneumonia
CCIS: Charlson Comorbidity Index score
CVD-IP: collagen vascular disease-associated interstitial pneumonia
LDH: lactate dehydrogenase

DISCUSSION

The previous reports comparing clinical features between AE of IIPs and those of IPs with
known etiology are limited. The purpose of this study was to evaluate the clinical course,
outcomes, and prognostic factors for AE of IIP and AE of CVD-IP and we found that no dif-
ferences in 3-month survival rates after AE were seen between these two groups.

Factors contributing to survival in both groups were CCIS and log serum LDH at the start
of treatment. The CCIS represents a total score for 19 comorbidities weighted according to
severity. The CCIS was developed to assess the risk of death from comorbidities and has been
widely applied as a prognostic indicator for patients with colorectal cancer, advanced non-small
cell lung cancer, and acute myocardial infarction.!"” Although few reports have examined the
relationship between IP and comorbidities, patients with comorbidities such as cardiovascular
disease (atherosclerosis, valvular disease, arrhythmia, dilated cardiomyopathy, etc) and lung
cancer in IPF show significantly lower survival rates.'*!> We have also reported that CCIS has
a significant impact on the prognosis of IP patients with or without AE."® Serum LDH levels
reflect the degree of active lung inflammation and direct lung cell damage, and higher levels
reflect the disease activity in AE. As a result, serum LDH can be an important prognostic factor
for AE-IP patients.'>*>?3 In the present study, we found that comorbidities and serum LDH levels
strongly influenced 3-month survival in both IIP and CVD-IP patients after the onset of AE.
Measuring both clinical parameters is important in determining the treatment and prognosis of
patients with AE-IP.

Various studies have reported on differences in prognosis according to the type of IP. In the
stable phase of pleuroparenchymal fibroelastosis, a subtype of IP, no difference in survival was
evident between idiopathic and secondary forms.?* No difference in prognosis was seen between
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IPF and unclassifiable IIP after the onset of AE (log-rank, P = 0.681).% In a study of 15 cases
showing AE of CVD-IP, the 90-day survival rate (33%) was similar to that of IIP (44%, P =
0.44)." Similar to previous reports, our study found no difference in 3-month survival rates
between IIP and CVD-IP after the onset of AE. A certain number of patients died early after
the onset of AE in both groups, but subsequent clinical courses were similar. No difference in
survival was seen according to treatment modality, nor was any improvement seen from im-
munosuppressive agents or neutrophil elastase inhibitors. On the other hand, the results in this
study are likely to depend on how many cases of IPF were included in the IIPs group, because
Miyashita K et al reported that AE of IP other than IPF might have a better prognosis than AE
of IPE.* Interestingly, in this study, the clinical characteristics including age, serum LDH, serum
KL-6, PaO,/FiO, ratio, CCIS, HRCT scores, and survival curves between AE of IP other than
IPF and AE of IPF were statistically similar (supplement figure), however, we have to perform
the validation study to compare the disease outcomes including much more cases diagnosed with
IPF, IP other than IP, and CVD-IP.

A combined approach from various clinical parameters has been proposed to obtain more ac-
curate prognostic information. Several studies have investigated the prediction of 3-month survival
in IP-AE. Kishaba et al reported that a composite scoring system based on serum LDH level,
KL-6 level, ratio of partial pressure of oxygen to partial pressure of inspiratory oxygen, and
range of abnormal findings on HRCT was prognostic.'®* Murohashi et al reported sex, serum LDH
level, and CCIS as useful.”” From the above, it is extremely important to establish the scoring
model that includes parameters that have been reported as important including CCIS, serum
LDH or KL-6, oxygenation, and HRCT findings) and conduct large-scale validation in the future.

Several limitations to this study must be kept in mind. First, this study was retrospective in
design and had the limitations of small sample size. To ensure the reproducibility of results,
re-validation in a more extensive study with a larger number of study subjects is needed.
Second, the clinical diagnoses of patients enrolled in the CVD-IP were heterogeneous. Third,
histopathological evaluations were not performed in some patients after the onset of AE because
of severe respiratory failure.

In conclusion, the present study found no significant difference in 3-month survival rates of
IIP and CVD-IP after AE onset. Also, among AE patients, CCIS and serum LDH level may
be more important prognostic factors for 3-month mortality rather than two classification of IP
subtypes: IIPs and CVD-IP.
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SUPPLEMENTARY MATERIAL
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Supplement Fig. Survival curves for patients with AE of IIP other than IPF and AE of IPF
The clinical characteristics including age, serum LDH, serum KL-6, PaO,/FiO, ratio, CCIS, and HRCT scores
had no significant differences between AE of IIP other than IPF and AE of IPF and the survival curves was
also similar (P = 0.808).
AE: acute exacerbation
CCIS: Charlson Comorbidity Index score
HRCT: high-resolution computed tomography
IIP: idiopathic interstitial pneumonia
IPF: idiopathic pulmonary fibrosis
KL-6: Krebs von den Lungen-6
LDH: lactate dehydrogenase
PaO,/FiO,: partial pressure of oxygen in arterial blood/fraction of inspired oxygen
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