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Background: Cryptogenic organizing pneumonia (COP) improves rapidly following corticosteroid
treatment; however, relapse is common. Therefore, this retrospective observational study aimed to clarify the
clinical outcomes of COP and identify the predictive factors for relapse.

Methods: The laboratory findings, pulmonary function test results, computed tomography (CT) findings,
and clinical outcomes of 60 consecutive COP patients treated at our institution between 2007 and 2013
were retrospectively reviewed. The clinical characteristics of COP patients who did and did not show
improvement were compared to identify the predictive factors for relapse in patients showing improvement.
Results: Forty-one patients showed improvement without relapsing (Group 1), whereas thirteen relapsed
after showing improvement (Group 2). Six patients did not show any improvement (Group 3). The serum
Krebs von den Lungen-6 (KL-6) levels in Group 3 were greater than those in Groups 1 and 2 (P=0.004).
The incidence of traction bronchiectasis and reticular opacities in Group 3 was higher than that in Groups 1
and 2 (P=0.048 and P=0.006, respectively). The cut-off levels of C-reactive protein (CRP), blood neutrophil
fraction (%neutrophils) and lymphocyte fraction (%lymphocytes) for predicting relapse were 6.84 mg/dL,
68.7% and 14.1% in Groups 1 and 2, respectively. The log-rank test revealed that high serum CRP levels
(P<0.001), high %neutrophils (P=0.003) and low %lymphocytes (P=0.006) showed significant correlations
with a shorter time to the first relapse episode.

Conclusions: Chest CT findings depicting pulmonary fibrosis and high serum KI.-6 levels were correlated
with the non-improvement of COP. Blood test results indicating inflammatory reactions were correlated

with relapse in patients with COP showing improvement.
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Introduction comprising fibroblasts and myofibroblasts intermixed with
the connective tissue matrix (1,2). Idiopathic bronchiolitis

Back d

aciegron obliterans organizing pneumonia (BOOP) is synonymous
Organizing pneumonia (OP) is characterized by the with cryptogenic organizing pneumonia (COP) (3).
presence of intra-alveolar buds of granulation tissue Bronchiolitis obliterans with endobronchial polyps (i.e.,
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idiopathic BOOP/COP) rarely show clinical evidence of
airflow obstruction; consequently, idiopathic BOOP/COP
is clinically recognized as an interstitial lung disease rather
than an airflow obstructive disease (4). The differential
diagnoses for idiopathic BOOP/COP include infectious
pulmonary diseases, localized organizing pneumonia, usual
interstitial pneumonia, diffuse alveolar damage, chronic
eosinophilic pneumonia, hypersensitivity pneumonitis,
collagen vascular disease, granulomatosis with polyangiitis,
pulmonary lesions due to drugs, and pulmonary
lymphoproliferative disorders (2,5,6). Fibrotic lesions
without normal alveolar structures are observed in fibrosing
nonspecific interstitial pneumonia (NSIP); however,

idiopathic BOOP/COP lacks this feature (7).

Rationale and knowledge gap

Idiopathic BOOP/COP is included in idiopathic interstitial
pneumonias (IIPs) as COP (8). The clinical symptoms of
COP improve rapidly following corticosteroid treatment.
However, this improvement is followed by relapse in some
cases (relapse rates: 9-58%) (9-15).

Fulminant COP may be associated with a poor prognosis
in some patients (16,17). Beardsley and Rassl (18) proposed
a new entity, “fibrosing organizing pneumonia (FOP)”,
based on a report on steroid-resistant idiopathic BOOP/
COP (19). Similarly, a rapidly progressing type of FOP,

Highlight box

Key findings

* Pulmonary fibrosis and high serum levels of Krebs von den Lungen
(KL)-6 suggest non-improvement of cryptogenic organizing
pneumonia (COP). Blood test results at the diagnosis of COP
indicating an inflammatory reaction are correlated with its relapse.

What is known and what is new?

e Corticosteroid treatment results in rapid improvement in patients
with COP. However, relapse is common.

¢ Inflammatory parameters, including high serum levels of C-reactive
protein and a high percentage of neutrophils in peripheral blood,
are significantly correlated with a shorter time to the first relapse.
Fibrosis observed on computed tomography images of the chest
and high serum levels of KL-6 suggest non-improvement of COP.

What is the implication, and what should change now?

* Patients with COP who present with inflammatory findings, as
well as radiological and laboratory findings of fibrosis, at the time
of diagnosis must be followed up to prevent relapse and disease

progression.
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which may respond to immunosuppressive drugs, has also
been reported (20).

Objective

This study aimed to clarify the clinical outcomes of COP
after treatment and follow-up and identify the prognostic
factors associated with such outcomes and relapse. Data
were retrieved from the pathology database of the NHO
Kinki Chuo Chest Medical Center (KCCMC), and the
clinical course of COP, including improvement, worsening,
and relapse, was analyzed. We present this article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-24-
225/rc).

Methods
Patients and COP diagnosis

The OP pattern is characterized by the presence of
polypoid plugs of granulation tissue within the lumen of
terminal bronchioles, alveolar ducts, and peribronchiolar
alveoli (18). The American Thoracic Society (ATS)/
European Respiratory Society (ERS) International
Multidisciplinary Consensus Classification of IIPs (2002
and 2013) (8,21) recommends diagnosing COP based on
the presence of pathological and radiological findings
suggestive of OP and the exclusion of possible causes of
secondary OP (1).

Histopathologically confirmed consecutive cases
of OP diagnosed between January 2007 and December
2013 were retrieved from the database using the keywords
“OP”, “organizing”, and “organization”. Among the
624 cases retrieved, 161 cases with overlap were excluded,
and 139 cases without OP pattern were excluded after
reviewing the pathology reports (presence of notes such as
“OP pattern was absent” or “pleuritis with organization”).
Furthermore, 23 patients with OP and eosinophilic infiltration
were also excluded. Thus, 301 consecutive patients with
histopathologically confirmed OP were identified.

The cases were classified as idiopathic (n=92) or non-
idiopathic (secondary; n=209) histopathologically confirmed
OP after reviewing the medical records. Patients with
pathological and clinical findings indicating COP but
without the characteristic radiological OP pattern (n=32)
were excluded. Sixty patients with pathological, clinical, and
radiological findings consistent with those of COP were
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identified and classified into three groups: patients showing
improvement without relapse (Group 1), patients with at
least one episode of relapse (Group 2), and patients without
improvement (Group 3).

This retrospective observational study was approved
by the Institutional Review Board of the KCCMC (No.
541; approval date, February 15, 2016) and adhered to
the Declaration of Helsinki (as revised in 2013). The
requirement for obtaining informed consent was waived
owing to the retrospective study design.

Radiological assessment

A pulmonologist (T.A.) and a chest radiologist (M.A.)
independently reviewed the chest computed tomography
(CT) images of 92 patients with clinically and
histopathologically confirmed idiopathic OP. Disagreements
between the reviewers regarding the presence of the OP
pattern were resolved by reaching a consensus.

The images acquired using the HiSpeed Advantage or
Light-Speed 16 CT scanner (GE Healthcare, Milwaukee,
WI, USA) were assessed to detect the following features:
consolidation, ground-glass opacity, traction bronchiectasis,
bronchodilation in consolidation, reticular opacity,
honeycomb lung, nodular opacity, and OP pattern.
Consolidation was defined as an increase in the attenuation of
the lung parenchyma compared with that of the pulmonary
vessels. The distribution of consolidation was also analyzed.
The radiological OP pattern was defined as the presence of
bilateral/unilateral patchy consolidation or nodules with/
without ground-glass opacities exhibiting a predominantly
subpleural and peribronchiolar distribution (8,13,21).
Traction bronchiectasis was defined as the dilation and
beading of the bronchi within areas showing radiological
fibrosis (22). Bronchodilation in consolidation was defined as
the presence of dilated airways within the consolidation.

Improvement and relapse of COP

Improvement was defined as an improvement in the clinical
and radiological findings of COP occurring spontaneously
or after corticosteroid treatment that was observed at least
once. Relapse was defined as the appearance of characteristic
new infiltrates on chest CT images and the presence of
compatible clinical, bronchoalveolar lavage (BAL), and/
or lung biopsy findings with no identified cause (10,13).
Histopathological evidence was not required for diagnosing
relapse if typical clinical and radiological features of COP
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were present (11).

Clinical data

The following laboratory data were retrieved: the serum
C-reactive protein (CRP; normal level, <0.3 mg/dL), Krebs
von den Lungen-6 protein (KL-6; normal level, <500 U/mL),
and surfactant protein-D (SP-D; normal level, <110 ng/mL)
levels; arterial blood gas measurements; pulmonary function
test results; and BAL findings. The serum KL.-6 and SP-D
levels were measured via enzyme-linked immunosorbent
assay using commercial kits [Nanopia KL-6 (SEKISUI
MEDICAL Co., Ltd., Tokyo, Japan) and SP-D ELISA
(Yamasa Co., Tokyo, Japan)] (23).

BAL was performed as previously reported. Briefly, three
aliquots of 50 mL of saline (total volume, 150 mL) were
infused chiefly into the right middle lobe or left lingular-
lobe bronchus, if OP suspected lesions were present in these
lobes. BAL from other bronchus was avoided if possible
because recovery of bronchoalveolar lavage fluid (BALF)
might be low. The supernatants were separated from cell
pellets via centrifugation at 800 xg for 5 min at 4 °C. Slides
were prepared by cytocentrifugation and stained using
the Wright-Giemsa staining method. A differential count
of 500 nucleated cells was performed (24). If infection or
aspiration pneumonia was suspected, bronchial washing
was performed by infusing 20 mL saline into the bronchi
leading to the most important lesions.

All pulmonary function tests were performed at the same
laboratory using the CHESTAC-8800 or 8900 spirometry
system (CHEST M.L, Inc., Tokyo, Japan). The findings
were evaluated in accordance with the recommendations of
the ATS and ERS (25).

Statistical analysis

Data are presented as the median (range) or number
(percentage). The differences in continuous and categorical
variables were analyzed using the Mann-Whitney U test
and Fisher’s exact tests, respectively. Significant variables
for predicting the time to the first episode of relapse were
identified using Cox proportional hazards regression
analysis. The inter-relationships between multiple elements
were analyzed using Spearman’s rank correlation coefficient
analysis. Relapse-free survival curves were plotted using the
Kaplan-Meier method, and the predictive significance of
relapse was evaluated using the log-rank test. SP-D-ref and
KL-6-ref were defined as the serum SP-D and KL-6 levels
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divided by each reference value (SP-D: 110 ng/mL and
KL-6: 500 U/mL), respectively. The SP-D-ref/KL-6-ref
ratio was calculated by dividing the SP-D-ref by the KL-
6-ref. SP-D-ref/KL-6ref >1 means SP-D is predominantly
elevated. Statistical significance was set at a P value of <0.05.

All statistical analyses were performed using SPSS version
29 for Macintosh (IBM Corp., Armonk, NY, USA).

Results
Patient demographics

COP was histologically diagnosed by transbronchial lung
biopsy (I'BLB) (n=58), CT-guided lung biopsy (n=1), and
video-assisted thoracoscopic surgery (n=1). Median number
[range] of TBLB specimens was 3 [1-9]. COP lesions were
observed in the upper lobe (n=43), the middle lobe (n=43),
and the lower lung lobe (n=51) of the right lungs and in
the upper lobe (n=34) and the lower lobe (n=47) of the left
lungs. COP lesions were present in either of the lingular
segments or middle lobes in all patients.

Among the 60 patients with COP identified via a
database search, 41 patients showed improvement without
relapsing (Group 1), whereas thirteen patients showed
improvement before relapsing at least once (Group 2). Six
patients did not show any improvement (Group 3; Figure I).

The median age at the time of diagnosis was 69.5 years
(range, 27-88 years) in Groups 1 and 2 (n=54; male, 34;
female, 20). Twenty-seven patients (50.0%) in Groups 1 and
2 had received corticosteroids or immunosuppressive agents.
Starting dose of prednisolone (PSL), 0.5 or 1.0 mg/day,
and introduction of immunosuppressive agents was not
different between Group 1 and 2 (Fisher’s exact test; P=0.66
and P>0.99, respectively). Immunosuppressive agents
were administered in 5 patients: cyclosporine A (n=3),
azathioprine (n=1) and intravenous cyclophosphamide (n=1)
(Table 1). PSL treatment period until relapse of patients in
Group 2 was similar to the whole PSL treatment period
of patients in Group 1 (P=0.22, Mann-Whitney U test).
In Group 2, nine out of ten PSL treated patients relapsed
before the end of the PSL treatment. Hence, relapse of
Group 2 did not depend on the early reduction of PSL.

The median age at the time of diagnosis was 65.5 years
(range, 44-71 years) in Group 3 (n=6; male, 5; female, 1).
One patient (16.7%) had received corticosteroid treatment
(Table 1).

Figure 2 presents the typical radiological features of each
clinical course.
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Intergroup comparison according to improvement

The clinical characteristics of Group 3 were compared
with those of Groups 1 and 2. The serum levels of KL-6 in
Group 3 were significantly higher than those in Groups 1
and 2 (468 vs. 988 U/mL; P=0.004). Similarly, the incidence
of traction bronchiectasis (24.1% vs. 66.7%; P=0.048) and
reticular opacity (23.5% wvs. 83.3%; P=0.006) in Group 3 was
significantly higher than that in Groups 1 and 2 (7able 2).
The SP-D-ref/KL-6-ref ratio in Group 3 was significantly
lower than that in Groups 1 and 2 (P=0.03). However, KL-6
predominant increase, suggested by SP-D-ref/KL-6-ref <1
could not predict no improvement (P=0.10). No significant
differences were observed among the groups in terms of the
findings of arterial blood gas analysis, pulmonary function
tests, and BAL (Table S1).

Relapse of COP

Thirteen (24.1%) of the 54 patients who showed
improvement experienced relapse (Figure I). Among them,
5(38.5%), 7 (53.8%), and 1 (7.7%) experienced one, two,
and four episodes of relapse, respectively. Three of the
13 improved patients experienced relapse (1,033, 148,
and 103 days after diagnosis) after the almost complete
disappearance of COP suspected shadows within two months
without treatment. The median duration from the day of
biopsy to the first episode of relapse was 242 days (range,
92-1,033 days; Table I). The percentage of lymphocytes
(%lymphocytes) in peripheral blood leukocytes (PBLs)
was significantly lower, and the CRP level in the patients
who experienced relapse was significantly higher than
that in those who did not relapse (P=0.01 and P=0.003,
respectively; data not shown). No significant differences
were observed between patients who did and did not
experience relapse in terms of the radiological findings (data
not shown).

Predictive factors for relapse

Univariate Cox proportional hazards regression analysis
revealed high serum CRP levels (P<0.002) and low
lymphocyte percentage (%lymphocytes) (P=0.049)
in Groups 1 and 2. These factors showed significant
correlations with a shorter time from biopsy to the
first relapse (7able 3). A high percentage of neutrophils
in PBLs (%neutrophils) (P=0.06) tended to suggest a
shorter time from biopsy to first relapse (7zble 3). When
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Excluded:
e Overlapping cases (n=161)

A\
Histopathologically proven OP (n=301) |

| Clinical review |

¢ Cases without OP pattern (n=139)
* OP pattern and eosinophil infiltration (n=23)

Excluded:

Y

Clinically and histopathologically
proven idiopathic OP (n=92)

Radiological review

Y

¢ Histopathologically proven
non-idiopathic OP (n=209)

| Excluded:

Y

Patients with COP (n=60)
(CRP review)

~| e Patients upon radiological review (n=32)

|
Y

Patients with COP with improvement

(n=54)

Y \d
Group 1 Group 2
Relapse (-) Relapse (+)
(n=41) (n=13)

Y

Group 3
Patients with COP without

improvement (n=6)

Figure 1 Flow chart of the study. Among the 60 patients diagnosed with COP based on the pathological, clinical, and radiological findings,

54 showed improvement at least once. The clinical details of patients with non-idiopathic histopathologically confirmed OP were as

follows: lung cancer (n=98), infection (n=52), connective tissue diseases (n=16), drug-induced pneumonia (n=16), other idiopathic interstitial

pneumonias (n=7), chronic hypersensitivity pneumonitis (n=5), bulla resection (n=5), radiation pneumonitis (n=4), sarcoidosis (n=2),

intrapulmonary lymph node (n=1), amyloidosis (n=1), pulmonary alveolar proteinosis (n=1), and undiagnosable condition (n=1). KCCMC,

Kinki Chuo Chest Medical Center; OP, organizing pneumonia; COP, cryptogenic organizing pneumonia; CRP, clinical radiological

pathology.

continuous variables with P<0.10 were classified by each
median value, %lymphocyte, %neutrophils, CRP were
significant predictors of relapse. No significant association
was observed between the CT findings and the time from
biopsy to the first episode of relapse. However, this interval
was shorter in patients with reticular opacity than in those
without reticular opacity (P=0.07; Table 3). The arterial
blood analysis, pulmonary function test, and BAL fluid
analysis findings were not evaluated owing to missing data.

© Journal of Thoracic Disease. All rights reserved.

Receiver operating characteristic analysis to predict the
relapse of COP

The cut-off values were determined via receiver operating
characteristic analysis using predictive factors of relapse
with a P value of <0.10 (Table 3). The cut-off values for
CRP, %neutrophils, and %lymphocytes were 6.84 mg/dL
(1 - specificity =0.179, sensitivity =0.769), 68.7%
(1 - specificity =0.463, sensitivity =0.923), and 14.1%
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Table 1 Patient characteristics of the 60 consecutive patients with cryptogenic organizing pneumonia

Parameters

Improvement (+)

Improvement (=) (n=6)

[relap(io(li;)(:mm)] [re|ap§<reo(li§>(i=13)] Group 3
Male/female 25/16 9/4 5/1
Age (years) 69 [43-88] 71 [27-82] 65.5 [44-71]
History of smoking
NS/ES/CS 16/17/8 5/4/4 2/4/0
Pack years 22.5[0-90] 15 [0-60] 37 [0-144]
Diagnostic method
Transbronchial lung biopsy 40 (95.2) 12 (92.3) 6 (100.0)
Surgical lung biopsy 0 (0.0 1(7.7) 0(0.0)
CT guided lung biopsy 1(2.4) 0 (0.0 0(0.0)
Symptoms
Any symptoms 33 (80.4) 13 (100.0) 4 (66.7)
Cough 19 (46.3) 3(23.1) 2 (33.3)
Sputum 9 (22.0) 2 (15.4) 0(0.0)
Fever 13 (31.7) 6 (46.2) 0(0.0)
Dyspnea 13 (31.7) 4 (30.8) 3 (50.0)
Treatment 17 (41.5) 10 (76.9) 1(16.7)
PSL <0.5 mg/kg/day” 11 (26.8) 8 (61.5) 0(0.0)
PSL >0.5 mg/kg/day" 6 (14.6) 2 (15.4) 1(16.7)
PSL treatment period until relapse (days)® 154 [24-1,525] 310 [92-831] 238 [238]
Methylprednisolone pulse” 4 (9.8) 4 (30.8) 1(16.7)
Immunosuppressive agents* 3(7.3) 2 (15.4) 0(0.0)
Treatment period (days) 154 [24-1,525] 839 [281-1,903] 0 [0-238]
Observation period (days) 497 [7-2,330] 1,099 [151-2,777] 644 [140-1,219]
Days from biopsy to relapse NE 242 [92-1,033] NE
Died before the last observation 1(2.4) 0 (0.0 1(16.7)

Values are presented as median [range] or n (%). Relapse (+) = patients with relapse; relapse (-) = patients without relapse. Improvement (+)
= patients with improvement; improvement (-) = patients without improvement. All patients with COP of this study (n=60) were classified
into three groups: patients showing improvement without relapse (Group 1), patients with at least one episode of relapse (Group 2), and
patients without improvement (Group 3). ¥, dose of prednisolone was not different between Group 1 and 2 (Fisher’s exact test, P=0.66).
§, PSL treatment period of Group 1, 2, and 3 was defined as whole treatment period, treatment period until relapse, and whole treatment
period, respectively. There was no significant difference in PSL treatment period between Group 1 and 2 (P=0.22, Mann-Whitney U test).
*, Methylprednisolone pulse: methylprednisolone 500-1,000 mg/day for three successive days. *, cyclosporine A (n=2) and intravenous
cyclophosphamide (n=1) was administered in Group 1 and cyclosporine A (n=1) and azathioprine (n=1) in Group 2. There was no
significant difference in frequency of immunosuppressive drugs administration between Group 1 and 2. NS, never smoker; ES, ex-smoker;
CS, current smoker; CT, computed tomography; PSL, prednisolone; NE, not evaluated; COP, cryptogenic organizing pneumonia.

© Journal of Thoracic Disease. All rights reserved.
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Figure 2 Radiographic findings of three representative patients with COP for Groups 1, 2, and 3. All patients with COP of this study (n=60)
were classified into three groups: patients showing improvement without relapse (Group 1), patients with at least one episode of relapse
(Group 2), and patients without improvement (Group 3). (A,B) Group 1. A 61-year-old man was diagnosed with COP (A). The serum CRP
level was low (0.20 mg/dL). Consolidation on chest CT images improved after 3 years after the diagnosis of COP, and there was no fibrotic
appearance (B). The lung disease had not recurred. (C-E) Group 2. A 78-year-old man was diagnosed with COP (C). The serum CRP
level was high (12.38 mg/dL), and he received steroids at a dose of 0.5 mg/kg/day. Consolidation on chest CT images improved 1 month
after COP diagnosis (D). However, the consolidation reappeared in a different area 4 months later (E). (F;G) Group 3. A 58-year-old man
was diagnosed with COP (F). The serum Krebs von den Lungen-6 protein level was high (4,715 U/mL). Ground-glass opacities, traction
bronchiectasis, and reticular opacities were observed on chest CT images (F). The patient received steroids at a dosage of 1.0 mg/kg/day.
The ground-glass opacities had slightly improved 16 months after diagnosis, whereas traction bronchiectasis and reticular opacities had

worsened (G). COP, cryptogenic organizing pneumonia; CRP, C-reactive protein; CT, computed tomography.
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Table 2 Comparison of clinical data between patients with COP with and without improvement

Parameters Groups 1 and 2 Group 3 P value
[improvement (+) (n=54)] [improvement (=) (n=6)]

Laboratory data (n=60)
WBC (cells/pL) 7,250 [3,300-15,600] 7,850 [3,700-13,600] 0.87
Neutrophils (%) 70.75 [48.5-90.8] 67.4 [35.3-84.5] 0.19
Lymphocytes (%) 19.8 [5.3-46.2] 24.2 [8.9-52.2] 0.40
Eosinophils (%) 2.1[0-8.6] 3.1[1-5.1] 0.63
CRP (mg/dL) 2.7 [0.01-32.01]* 0.2 [0.08-9.66] 0.09
LDH (IU/L) 205 [78-370]* 218 [183-294] 0.39
CPK (IU/L) 68 [13-420]" 97 [62-316] 0.10
KL-6 (IU/mL) 468 [118-3,450]" 988 [657-4,715] 0.004
SP-D (ng/mL) 116 [17-1,640]" 160 [88-371] 0.40
SP-D-ref/KL-6-ref* 1.13 [0.24-9.54]" 0.61[0.36-1.11] 0.03
SP-D-ref/KL-6-ref*, <1 21 (44.6) 5(83.3) 0.10
IgE (IU/mL) 211 [10-4,396]° 130 [37-1,266]" 0.82

Radiological findings (n=60)
Consolidation 54 (100.0) 5(83.3) 0.10
Unilateral consolidation 10 (18.5) 1(16.7) >0.99
Bilateral multifocal consolidation 43 (79.6) 5(83.3) >0.99
Ground-glass opacity 54 (100.0) 6 (100.0) -
Traction-bronchiectasis 13 (24.1) 4 (66.7) 0.048
Bronchodilation in consolidation 36 (66.7) 4 (66.7) >0.99
Honeycomb lung 0 (0.0) 0 (0.0) -
Reticular opacity 12 (22.2) 5(83.3) 0.006

Values are presented as median [range] or n (%). All patients with COP of this study (n=60) were classified into three groups: patients showing
improvement without relapse (Group 1), patients with at least one episode of relapse (Group 2), and patients without improvement (Group 3).
Improvement (+) = patients with improvement; improvement (-) = patients without improvement. *, n=52; **, n=51; *, n=49; 1 n=47; §, n=43;
T, n=3; ¥, serum levels of SP-D and KL-6, divided by each reference value (110 ng/mL and 500 U/mL, respectively), were called SP-D-ref and
KL-6-ref. The SP-D-ref/KL-6-ref ratio was calculated by dividing the SP-D-ref by the KL-6-ref. COP, cryptogenic organizing pneumonia;
WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; KL-6, Klebs von den
Lungen-6; SP-D, surfactant protein-D; Ig, immunoglobulin; COP, cryptogenic organizing pneumonia.

(1 — specificity =0.308, sensitivity =0.829), respectively.
The time from biopsy to the first episode of relapse
was compared between patients with higher and
lower parameters of serum CRP, %neutrophils, and
%lymphocytes using each cutoff level (Figure 3). Higher
serum CRP levels (>6.84 mg/dL), higher %neutrophils
(>68.7%), and lower %lymphocytes (<14.1%) were
significant predictors of the first relapse by log-rank test
(P<0.001, P=0.003, and P=0.006, respectively).

© Journal of Thoracic Disease. All rights reserved.

Discussion
Key findings

Sixty consecutive patients with COP were reviewed and
classified into three groups based on the clinical course, and the
clinical characteristics of each group were evaluated: patients
with COP showing improvement without relapsing (Group
1; n=41; 68.3%), patients with COP showing improvement
followed by relapse(s) (Group 2; n=13; 21.7%), and patients
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Table 3 Results of analysis of factors related to relapse of COP among the 54 patients with improvement (Groups 1 and 2)

Parameters HR 95% ClI P value

Laboratory data (n=54)
WBC (x100 cells/pL) 1.013 0.994-1.033 0.19
Neutrophils (%) 1.047 0.997-1.099 0.06
Neutrophils, >70.75/<70.75 (%) 4.050 1.111-14.762 0.03
Lymphocytes (%) 0.941 0.886-0.999 0.049
Lymphocytes, >19.8/<19.8 (%) 0.319 0.075-0.999 0.049
Eosinophils (%) 0.998 0.779-1.278 0.98
CRP (mg/dL)* 1.093 1.037-1.153 <0.001
CRP, >2.7/<2.7 (mg/dL)* 4.214 1.157-15.344 0.02
LDH (1U/Ly** 0.997 0.987-1.008 0.63
CPK (IU/L)* 0.988 0.973-1.004 0.14
KL-6 (x100 IU/mL)" 1.007 0.876-1.158 0.91
SP-D (ng/mL)" 1.001 0.999-1.002 0.44
SP-D-ref/KL-6-ref" 1.131 0.906-1.412 0.27
IgE (IU/mL)® 1.000 0.999-1.000 0.64

Radiological findings (n=54)
Consolidation NE
Unilateral consolidation 0.676 0.087-5.240 0.70
Bilateral multifocal consolidation 1.480 0.191-11.478 0.70
Ground-glass opacity NE
Traction-bronchiectasis 1.557 0.507-4.783 0.43
Bronchodilation in consolidation 3.323 0.733-15.069 0.11
Reticular opacity 2.910 0.902-9.386 0.07

¥, continuous variables, whose P value less than <0.10, were classified into two groups by each median value; *, n=52; **, n=51; ¥, n=49;
1 n=47; ', serum levels of SP-D and KL-6, divided by each reference value (110 ng/mL and 500 U/mL, respectively), were called SP-D-
ref and KL-6-ref. The SP-D-ref/KL-6-ref ratio was calculated by dividing the SP-D-ref by the KL-6-ref; $, n=43. Honeycomb lung was not
evaluated because of absence in all cases. COP patients showing improvement without relapse (Group 1) and COP patients with at least
one episode of relapse (Group 2) were included in this examination. COP, cryptogenic organizing pneumonia; WBC, white blood cell;
CRP, C-reactive protein; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; KL-6, Klebs von den Lungen-6; SP-D, surfactant

protein-D; Ig, immunoglobulin; HR, hazard ratio; CI, confidence interval; NE, not evaluated.

with COP showing no improvement (Group 3; n=6; 10%).
The relapse rate observed in the present study (24.1%) is
consistent with those reported in previous studies (9-15).

Strengthbs and limitations

The present study highlights the importance of neutrophil-
mediated inflammation in predicting COP relapse. In

© Journal of Thoracic Disease. All rights reserved.

addition to elevated serum CRP levels, higher %neutrophils
and lower %lymphocytes in PBLs at the time of diagnosis
can also be used to predict relapse. Patients with no
improvement (Group 3) showed higher KL-6 and lower
SP-D-ref/KL-6-ref ratio, higher incidence of traction
bronchiectasis and reticular opacity.

The present study had some limitations. First, the
histological findings were largely derived from small lung

7 Thorac Dis 2024;16(5):3129-3141 | https://dx.doi.org/10.21037/jtd-24-225



3138

A
©
2
b
]
(%]
[0}
Q
@
1]
o
©
[0}
T 0.2
------ %neutrophils <68.7%
0.0 4 — %oNeutrophils >68.7%
T T T T T
0 500 1000 1500 2000 2500
Days after diagnosis to relapse
Cc 1.0 A1
bk
5 0.8 - T,
2
2
? 0.6 -
[0}
Q
$ 04
Q
©
[0}
T 0.2 1
------ CRP <6.84 mg/dL
0.0 = CRP >6.84 mg/dL

Days after diagnosis to relapse

0 500 1000 1500 2000 2500

Taniguchi et al. Clinical course of COP

B 1.0 A
I
% 0.8 4 H
2 ERR———
<
? 0.6 -
Q
QL
$ 04 -
Q
«©
&) 0.2
N %lymphocytes >14.1%
0.0 4 — %lymphocytes <14.1%

0 500 1000 1500 2000 2500
Days after diagnosis to relapse

Figure 3 Probability of a relapse-free course in relation to high and low blood neutrophil fractions (A) and blood lymphocyte fractions

(B) and CRP levels (C). The cut-off value was defined as the greatest sum of sensitivity and specificity determined by receiver operating
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%lymphocytes <14.1%), high CRP levels (C; bold line, CRP levels >6.84 mg/dL) are significant risk factors for relapse (Log-rank test).

CRP, C-reactive protein.

tissue samples collected via TBLB. Eosinophilic pneumonia
could not be completely ruled out; however, <25% of
eosinophils were detected in the BAL fluid in all cases
(5,9,26,27). Second, this was a retrospective study, and some
data were missing. Consequently, the association between
neutrophils in BAL fluid and relapse could not be evaluated.
Third, number of patients with no improvement included
in Group 3 was limited. Hence, characteristics of COP
patients with no improvement during the clinical course of
COP should be further elucidated by future studies. Lastly,

this study was conducted at a single center.

Comparison with similar researches

Reticular opacity, NSIP-like patterns on CT images,
and histological findings of scarring and remodeling of
the background lung parenchyma are related to steroid
resistance and disease progression (13,18,19,26,28). Such

© Journal of Thoracic Disease. All rights reserved.

cases of OP with fibrosis are now classified as FOP (18) or
a fibrosing variant of organizing pneumonia (FVOP) (21).
Most patients in the present study were diagnosed based
on the histopathological findings observed in small tissue
samples collected via TBLB. Thus, definitively distinguishing
OP from NSIP, FOP, and FVOP was difficult. FVOP is
often associated with anti-aminoacyl tRNA synthetase
(ARS) antibody (29); however, the anti-ARS antibody levels
could not be evaluated as anti-ARS antibody tests were not
commercially available during the study period (30). The
diagnosis of cicatricial OP, defined as dense collagenized scar
tissue associated with the preservation of the underlying lung
tissue, cannot be ruled out (31). Some patients with cicatricial
OP show a progressive clinical course (31).

Explanations of findings

The serum KL-6 levels of Group 3 were higher in the
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present study, and traction bronchiectasis and reticular
opacities, suggestive of pulmonary fibrosis, were observed
in five patients in Group 3 (Table 2). Cox proportional
hazard regression analysis revealed that patients showing
improvement in reticular opacity tended to relapse
(Table 3). Thus, patients with OP and fibrotic opacities on
CT will show a progressive clinical course or relapse after
improvement. Saito et #/. reported that the incidence
of traction bronchiectasis in the relapse group (60%)
was significantly higher than that in the non-relapse
group (17.3%) (32). Okada er al. reported an association
between KL-6 levels and traction bronchiectasis on
chest CT in patients with COP (33). High serum levels
of KL-6 could be a predictor of complications such as
fibrosis and poor outcomes. The results of these studies
are consistent with those of the present study. Moreover,
SP-D was elevated in the present study in Groups 1 and
2, as indicated by the higher SP-D-ref/KL-6-ref ratio
than that in Group 3 in the present study (7able 2). The
relationship between biomarkers, including KL-6 and
SP-D, and the clinical course of COP has rarely been
reported.

Inflammatory processes may be predictors of relapse
(34,35). High CRP levels show a significant association
with relapse within 6 months to 1 year in patients with
OP, including patients with secondary OP. Moreover,
high CRP levels were associated with intra-alveolar fibrin
deposition (33). High %neutrophils in the BAL fluid and
high fibrin deposition levels in lung biopsy specimens
are predictive factors for relapse in patients with OP,
including secondary OP. The increase in the neutrophil
count in BAL fluid and neutrophil-mediated inflammation
may be correlated with disease severity and prognosis,
possibly due to neutrophil-mediated injury to the alveolar
wall (35). Although a significant difference between the
CRP levels of patients who did and did not experience
relapse was not observed, these two studies suggested that
inflammatory processes may be associated with relapse in
patients with OP. Recently, Zhou ez 4l. reported patients
who experienced relapse have higher CRP levels and
experience fever more frequently than the patients who
did not experience relapse (36). Some parameters except
for inflammatory findings were reported to be predictors
of relapse. The partial pressure of oxygen (10), forced
vital capacity (37), and serum y-glutamyl-transferase levels
(11,38) are significant predictors for relapse; however,
unlike the serum CRP levels, their reproducibility remains
unconfirmed.
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Implications and actions needed

Recently cryobiopsy has been introduced and histological
findings of acute or subacute ILDs can be examined in
detail than before (39,40). We would like to investigate
not only clinical and radiological parameters, but also
pathological parameters to predict relapse in the future
studies. Reduction method of steroid could be associated
with relapse of COP although there was no significant
difference between Group 1 and 2. Prospective studies
might be needed to draw definite conclusions dose of
steroid (41) and its reduction method.

Conclusions

CT findings depicting pulmonary fibrosis and high serum
levels of KL-6 were correlated with the non-improvement
of COP. Furthermore, blood test results indicating an
inflammatory reaction were correlated with relapse in
patients showing improvement.
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