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Acute exacerbation (AE) of interstitial lung disease (ILD) is a severe complication of lung resection in lung can-
cer patients with ILD (LC-ILD). This study aimed to assess the predictive value of comorbidities other than ILD
for postoperative AE in patients with LC-ILD. We retrospectively evaluated 68 patients with LC-ILD who had
undergone lung resection. We classified them into two groups: those who had developed postoperative AE
within 30 days after resection and those who had not. We analyzed patient characteristics, high-resolution
computed tomography findings, clinical data, pulmonary function, and intraoperative data. The incidence of
postoperative AEs was 11.8%. In univariate analysis, performance status (PS), honeycombing, forced vital
capacity (FVC), and high hemoglobin Alc (HbAlc) levels without comorbidities were significantly associated
with postoperative AE. Patients were divided into two groups according to cutoff levels of those four variables
as determined by receiver operating characteristic curves, revealing that the rates of patients without postoper-
ative AE differed significantly between groups. The present results suggested that preoperative comorbidities
other than ILD were not risk factors for postoperative AE in patients with LC-ILD. However, a high preopera-
tive HbAlc level, poor PS, low FVC, and honeycombing may be associated with postoperative AE of LC-ILD.
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I nterstitial lung disease (ILD) often complicates lung
(HRCT) pattern, surgical procedure, serum Krebs von

cancer (LC), and acute exacerbation (AE) of ILD is

a severe complication of pulmonary resection in
patients with LC. In a large multicenter cohort study in
Japan, the postoperative AE incidence was 9.3% and
the mortality rate of LC-ILD was 43.9% [1]. Thus, itis
clinically important to clarify the associated risk factors
in order to prevent postoperative AE.

Several studies have identified the preoperative risk
factors for postoperative AE of LC-ILD. Evaluating a
Japanese cohort, Sato et al. reported seven predictors of
postoperative AE (sex, history of AE, preoperative ste-
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den Lungen-6 (KL-6) level, and vital capacity (VC)) and
assessed them to develop a simple risk score [2]. It has
also been reported that serum levels of lactate dehydro-
genase and C-reactive protein (CRP), intraoperative
respiratory management, and water balance were asso-
ciated with postoperative AE [3-5]. However, comor-
bidities other than ILD have not been investigated thor-
oughly. If several comorbidities are risk factors for
postoperative AE in patients with LC-ILD, preopera-
tive interventions for comorbidities may reduce postop-
erative AE risk.
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The study aimed to evaluate the ability of each of
several comorbidities to predict AE in patients with
LC-ILD.

Materials and Methods

Study population. This was a retrospective,
case-control, single-center, observational study.
Between July 2010 and March 2017, 534 patients
underwent lung resection for primary LC at Ehime
University Hospital. Subjects were excluded if they had
had LC without ILD or had undergone thoracotomy.
We classified the patients into two groups: those who
had developed postoperative AE within 30 days after
resection (Group A) and those who had not (Group N).
In both groups, we collected the following data from
medical records: patient characteristics, Eastern
Cooperative Oncology Group performance status (PS)
score, Charlson Comorbidity Index (CCI), preopera-
tive steroid use, history of AE, HRCT pattern of ILD,
presence of honeycombing on HRCT, preoperative
blood test [including lactate dehydrogenase, CRP,
KL-6, and hemoglobin Alc (HbAlc)], pulmonary
function indices, and surgical and anesthesia proce-
dures. Except for the surgical and anesthesia proce-
dures, these data were obtained within 2 months before
surgery.

Definition of ILD and HRCT pattern of ILDs.
ILD was diagnosed in accordance with the clinical cri-
teria established by the American Thoracic Society/
European Respiratory Society/Japanese Respiratory
Society/Latin American Thoracic Association statement
guidelines [6]. Two independent pulmonologists evalu-
ated the HRCT pattern (UIP/Probable UIP/Indeterminate
for UIP/Alternative Diagnosis) and the presence of
honeycombing on HRCT. Secondary ILDs (such as
collagen vascular disease-related ILD) were also
included.

Definition of postoperative AE. ~ We defined post-
operative AE on the basis of three criteria with reference
to international working group reports [6,7]: (1) dys-
pnea that appeared or worsened within 30 days after
resection, (2) new bilateral ground-glass opacity on
chest HRCT, and (3) unexplained worsening with
alternative etiologies (infection, heart failure, and pul-
monary embolism). Triggered AE was included
because subclinical micro-aspiration, drugs, and
mechanical stress during surgery could not be excluded.
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CCI and gender, age, and physiology index.
Preoperative comorbidity status was assessed by the
CCI, which is the sum of the weighted scores of
19 comorbid conditions (myocardial infarction, con-
gestive heart failure, peripheral vascular disease, cere-
brovascular disease, dementia, chronic pulmonary
disease, connective tissue disease, ulcer disease, mild
liver disease, diabetes, hemiplegia, moderate or severe
renal disease, diabetes with end organ damage, any
tumor, leukemia, lymphoma, moderate or severe liver
disease, metastatic solid tumor, and acquired immu-
nodeficiency syndrome) [8].

We also evaluated the gender, age, and physiology
score, a quick and simple index for estimating mortality
risk in patients with idiopathic pulmonary fibrosis. This
score is based on four commonly measured variables:
sex, age, % predicted forced vital capacity (FVC), and
% predicted diffusing capacity of the lung for carbon
monoxide (DLco) [9].

Spirometry.  Pulmonary function indices (i.e.,
VC, FVC, and forced expiratory volume in 1 sec) were
measured via spirometry. DLco was measured using the
single-breath method. These indices were calculated as
percentages of the predicted normal values.

Statistical analyses. ~ Continuous and categorical
variables were expressed as medians with interquartile
ranges and as numbers and percentages, respectively.
We used the k statistic to evaluate the degree of concor-
dance between the two pulmonologists for the HRCT
pattern and the presence of honeycombing. Comparisons
between the two groups were performed using the
Mann-Whitney U test for continuous variables to con-
firm non-normal distributions in the histogram and
Fisher’s exact test for categorical variables. Univariate
analyses via logistic regression analysis were also per-
formed to analyze predictors of postoperative AE.
Receiver operating characteristic (ROC) curves were
used to find an optimal cutoff level that could discrimi-
nate between patients with and without postoperative
AE. Cutoff levels were set as the closest point to 100%
sensitivity and specificity. The Kaplan-Meier method
was used to evaluate the predictive value for AE, and
comparisons were made using a log-rank test. P-values
<0.05 in the two-tailed test were considered statistically
significant. All statistical analyses were conducted using
EZR version 1.54.

Ethics statement.  This study complied with the
standards of the Declaration of Helsinki and current
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ethics guidelines and was approved by the institutional
ethics board (approval number 1808002). Informed
patient consent was waived because this was a nonin-
terventional and retrospective study. However, partici-
pants were allowed to opt out of the study and maintain
patient confidentiality.

Results

Clinical characteristics of patients.  Among the
534 patients, 72 were diagnosed with LC-ILD. We
excluded 4 patients who had undergone thoracotomy.
The remaining 68 patients were included in this study
(Fig.1). These were classified into two groups: those
who had developed (Group A, n=8) and those who had
not developed (Group N, n=60) AE within 30 days
after resection.

Patient characteristics are shown in Table 1. In the
present study, the median age was 76 years and most
patients were men. Many patients had a PS<1. The
median values of blood test data and pulmonary func-
tion data were within normal limits. The HRCT pattern
and the presence of honeycombing on HRCT were
evaluated by two pulmonologists, between whom con-
cordance was good (k= 0.63 for HRCT pattern, and 0.76
for presence of honeycombing). The numbers of

| Primary LC surgery (n=534) |

| LC without ILD (n=462) |

Y
LC-ILD surgery (n=72) |

—' Only thoracotomy (n=4) |

y
LC-ILD lung resection surgery (n=68) |

Y A

Postoperative AE Non postoperative AE
(Group A, n=8) (Group N, n=60)

Fig. 1 Flow chart for study participants. LC, lung cancer; ILD,
interstitial lung disease; AE, acute exacerbation.
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patients with UIP/probable UIP/indeterminate for UIP/
alternative diagnosis on HRCT pattern were 13, 4, 45
and 6, respectively. The numbers of patients with and
without honeycombing were 13 and 55, respectively.
None of the patients received anti-fibrosis drugs or neo-
adjuvant therapy, including chemotherapy and radia-
tion therapy. There were no statistically significant dif-
ferences in HbAlc levels between patients with and
without preoperative steroid use (p=0.485).

The proportion of patients with honeycombing and
the HbA1c levels were significantly higher in Group A
than in Group N, while VC, FVC, and %FVC were
significantly lower in Group A than in Group N (Table
1). In the other variables, including the CCI and
patient ratio of each comorbidity, there were no signif-
icant differences between the two groups. Because no
patients had dementia, hemiplegia, leukemia, lym-
phoma, or acquired immunodeficiency syndrome, and
all patients had chronic pulmonary disease, these vari-
ables are not included in Table 1.

Analysis of predictive parameters for postoperative
AE.  Univariate logistic regression analysis showed
that PS, honeycombing, HbAlc level, and FVC were
significantly correlated with postoperative AE (Table 2).

We described the ROC curves for PS, HbAlc, and
FVC and evaluated the areas under the curve (AUC)
and cutoff levels (Table 3). The AUCs were similar
among the variables. Sensitivity for HbAlc and speci-
ficity for PS were the highest among the four variables.

We classified patients according to the above cutoff
level and used the Kaplan-Meier method to estimate
postoperative AE. In all four variables, the rates of
patients without postoperative AE differed significantly
between the two groups (Fig. 2).

Clinical data of patients with postoperative AE.
Clinical data of patients with postoperative AE are
shown in Table 4. The median postoperative day until
AE occurred was 6.5 days (2-14 days). Only one patient
died of AE within 30 days after resection. This patient
had a history of renal transplantation therapy and had
been treated with methylprednisolone and azathioprine
as graft rejection depressors for a long period.

Discussion
We investigated the predictive factors of postopera-

tive AE after pulmonary resection for LC-ILD. The
results suggested that postoperative AE of LC-ILD was
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Table 1 Patient characteristics
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Variables Total (n=68) Group A (n=8) Group N (n=60) P-value
Age (years) 76 [71,81] 74 [73,80] 76 [71,81] 0.939
Sex (M/F) 62/6 71 55/5 0.543
BMI (kg/m?) 24.5[21.0,26.6] 24.4[20.7,27.4] 24.6[21.0,26.5] 0.977
Smoking history (+/-) 63/5 8/0 55/5 1.000
Performance status (0/1/2/3/4) 54/10/3/1/0 3/3/2/0/0 51/7/1/1/0 0.003
Charlson Comorbidity Index 41(3,4] 4[4,4.25] 4(3,4] 0.322
Myocardial infarction (+/-) 5/63 0/8 5/55 1.000
Congestive heart failure (+/-) 1/67 1/7 0/60 0.118
Peripheral vascular disease (+/-) 4/64 1/7 3/57 0.401
Moderate or severe renal disease (+/-) 1/67 1/7 0/60 0.118
Ulcer disease (+/-) 7/61 0/8 7/53 0.587
Liver disease (+/-) 8/60 2/6 6/54 0.236
Diabetes mellitus (+/-) 23/45 4/4 19/41 0.429
Cerebrovascular disease (+/-) 10/58 0/8 10/50 0.593
Connective tissue disease (+/-) 4/64 0/8 4/56 1.000
Preoperative steroid use (+/-) 7/61 1/7 6/54 1.000
Preoperative immunosuppressant use (+/-) 4/64 1/7 3/57 0.401
History of AE (+/-) 2/66 1/7 1/59 0.223
Radiologic findings
Emphysema (+/-) 58/10 8/0 50/10 0.593
Honeycombing (+/-) 13/55 4/4 9/51 0.038
:L'JF:F(’:/Tpi)at};T)rIZ/ indeterminate/alternative diagnosis) 13/4/45/6 4/0/3/1 9/4/42/5 0.097
GAP score 3[3,3] 3[3,3.25] 3[3,3] 0.434
Blood Test
LDH (U/1) 220 [185,241] 211[186,229] 220 [187,242] 0.607
CRP (mg/d) 0.17 [0.07,0.35] 0.18 [0.15,0.66] 0.17 [0.07,0.33] 0.463
KL-6 (U/ml) 444 [328,740] 473 [371,653] 433 [327,733] 0.871
HobA1c (%) 6.1[5.6,6.6] 6.3[6.2,7.5] 6.0 [5.6,6.4] 0.030
Pulmonary function test
VC (I) 3.11[2.79,3.59] 2.55[2.29,2.98] 3.18 [2.89,3.62] 0.027
%VC (%) 102.9 [91.7,116.8] 87.3[78.3,112.4] 103.9[93.5,116.9] 0.114
FVC (1) 3.10 [2.79,3.59] 2.55 [2.16,2.93] 3.21[2.87,3.61] 0.019
%FVC (%) 106.0 [90.6,117.9] 87.3[77.2,106.7] 106.5 [94.1,118.2] 0.049
FEVio (1) 2.28 [2.02,2.60] 2.09 [1.83,2.20] 2.32 [2.05,2.62] 0.092
%FEV1 (%) 108.7 [96.8,126.8] 100.9 [95.0, 120.6] 110.2 [97.1,126.3] 0.601
DLco (ml/min/mmHg) 12.1[9.3,15.5] 11.1[8.96,13.2] 12.2[9.42,15.5] 0.332
%DLco (%) 85.3[72.2,99.0] 81.4 [73.2,88.4] 87.8[72.3,98.3] 0.499

Continued to next page
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Variables Total (n=68) Group A (n=8) Group N (n=60) P-value
Surgical procedure 23/2/42 2/0/6 21/2/36 0.697
(wedge resection/segmentectomy/lobectomy)

Surgical time (min) 172 [107,205] 157 [111,190] 175 [107,211] 0.505
0, consumption (1) 435 [347,677] 487 [438,642] 420 [332,625] 0.429
In-Out balance (1) +1.32 [+0.86, +1.83] +1.42 [+0.78, +1.85] +1.32 [+0.92, +1.82] 0.992

Results are median values (interquartile ranges in parentheses).

BMI, body mass index; AE, acute exacerbation; HRCT, high resolution computed tomography; UIP, usual interstitial pneumonia; GAP
score, gender, age, and physiology score; LDH, lactate dehydrogenase; CRP, C-reactive protein; HbA1c, hemoglobin A1c; VC, vital
capacity; FVC, forced vital capacity; FEV,,, forced expiratory volume in one second; DLco, diffusing capacity of lung for carbon monoxide.

Table 2  Univariate logistic regression analysis of predictive parameters for postoperative AE
Variables Odds ratio 95% CI P-value Variables Odds ratio 95% CI P-value
Age 1.015 0.912-1.131 0.782 KL-6 0.999 0.997-1.001 0.607
Sex (Male) 1.571 0.160-15.465 0.698 HbA1c 2.952 1.157-7.530 0.023
BMI 0.963 0.802-1.157 0.690 Pulmonary function test
Performance status 3.322 1.265-8.724 0.015 VC 0.271 0.072-1.018 0.053
Charlson Comorbidity Index 2.020 0.831-4.910 0.121 %\VC 0.969 0.929-1.010 0.134
Liver disease 3.000 0.491-18.300 0.234 FVC 0.241 0.064-0.914 0.036
Peripheral vascular disease 2.714 0.274-29.784 0.414 %FVC 0.963 0.923-1.006 0.088
Diabetes mellitus 2.158 0.487-9.564 0.311 FEVio 0.243 0.046-1.291 0.097
Preoperative steroid use 1.286 0.134-12.305 0.827 %FEV1,o 0.993 0.962-1.025 0.652
History of AE 8.429 0.473-150.212 0.147 DLco 0.890 0.718-1.103 0.287
Radiologic findings %DLco 0.989 0.955-1.023 0.517
Honeycombing 5.667 1.195-26.874 0.029 Surgical procedure (not WR) 1.615 0.299-8.719 0.577
GAP score 1.705 0.488-5.963 0.403 Surgical time 0.998 0.986-1.009 0.675
Blood test 0, consumption 1.000 0.998-1.002 0.988
LDH 0.995 0.979-1.012 0.584 In-Out balance 1.000 0.999-1.001 0.821
CRP 1.113 0.599-2.068 0.735

BMI, body mass index; AE, acute exacerbation; GAP score, gender, age, and physiology score; LDH, lactate dehydrogenase; CRP,
C-reactive protein; HbA1c, hemoglobin A1c; VC, vital capacity; FVC, forced vital capacity; FEV.,, forced expiratory volume in one
second; DLco, diffusing capacity of lung for carbon monoxide; WR, wedge resection.

associated with preoperative PS, honeycombing, HbAlc
level, and FVC, but not with several comorbidities.
The present study demonstrated that comorbidities
were not associated with postoperative AE. This result
might be influenced by the status of the comorbidities
in the individual patients. That is, because the present
patients underwent thoracic surgery, attempts would
have been made to control any comorbidities before
surgery. Indeed, in a previous report on patients
undergoing lung resection for non-small cell lung can-

cer, none of the examined comorbidities affected the
rates of postoperative complications or survival [10].
On the other hand, Pedraza-Serrano et al. reported that
several comorbidities, including peripheral vascular
disease, cerebrovascular disease, dementia, mild liver
disease, cancer, and pulmonary hypertension, were
associated with in-hospital mortality in patients with
ILD [11]. In addition, Ando et al. showed that comor-
bidities and CCI were prognostic factors in patients with
chronic ILD without honeycombing [12]. Although the
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Table 3  Receiver operating characteristic curve analysis of predictive parameters
for postoperative AE
Variables AUC Cut-Off Level Sensitivity Specificity
Performance status 0.744 25 96.7
Honeycombing NE NE 50 85
HbA1c 0.739 87.5 51.7
FVC 0.758 2.92 75 7.7
AE, acute exacerbation; AUC, area under the curve; HbA1c, hemoglobin
A1c; FVC, forced vital capacity; NE, not evaluated.
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Kaplan-Meier curves of probability of postoperative AE. Patients were divided into two groups according to the cutoff value of

each variable [(A) PS, (B) Honeycombing, (C) HbA1c, and (D) FVC] determined by receiver operating characteristic curves. Statistical
analysis was performed using the log-rank test. AE, acute exacerbation; PS, performance status; HbA1c, hemoglobin A1c; FVC, forced

vital capacity.

end points and inclusion criteria in previous studies
differed from those in our study, uncontrolled comor-
bidities may also influence postoperative AE.

The present study demonstrated that a high preoper-
ative HbA1c level was a significant risk factor for post-
operative AE. HbAlc is a common clinical test to evaluate
average blood glucose levels over the past 1-2 months
and is a good indicator of chronic hyperglycemia
[13,14]. Previous studies reported associations

between preoperative HbAlc levels and postoperative
complications. Jehan et al. revealed that the preopera-
tive HbAlc level independently predicts postoperative
hyperglycemia in patients undergoing emergency gen-
eral surgery [15]. Arya et al. reported that peripheral
artery disease patients with high preoperative HbAlc
levels have significantly high risks of amputation and
major advanced limb events after revascularization [16].
It was also reported that a high preoperative HbAlc



June 2023 Risk Factors for Postoperative AE in LCIILD 307
Table 4  Clinical data of patients with postoperative AE
Age Honey- HbA1c Preoperative Surgical Surgical On?e:)(s)f-AE Post Initial
8 ex PS CCI _y FVC(l) o p. & P ) operative  Treatment Outcome
(years) combimg (%) steroid use . procedure  operative .
(min) complication for AE
day)
Case 74 Male 1 4 (+) 2.12 75 (=) 195  lobectomy 14 () Steroid Survived
1 pulse
Case 68 Male 1 7 (+) 2.62 7.6 (+) 205  lobectomy 3 (=) Steroid Dead
2 pulse +
Sivelestat
Case 71 Male 0 4 (+) 247 6.4 (=) 145  lobectomy 7 (-) Steroid Survived
3 pulse
Case 74 Male 0 4 () 2.89 6.1 (=) 151 lobectomy 5 bacterial PSL 0.5  Survived
4 pneumonia mg/kg/day
Case 74 Male 2 3 (+) 2.03 6.2 (=) 163 lobectomy 14 () Steroid Survived
5 pulse
Case 78 Male 0 5 () 434 8.4 (=) 176 lobectomy 13 bacterial PSL 0.5  Survived
6 pneumonia mg/kg/day
Case 85 Male 1 4 () 3.04 6.2 (=) 100 wedge 2 aspiration PSL 0.5  Survived
7 resection pneumonia mg/kg/day
Case 84 Female 2 4 () 217 5.7 (=) 95 wedge 6 bacterial PSL 2.0  Survived
8 resection pneumonia mg/kg/day

AE, acute exacerbation; PS, performance status; CCIl, Charlson comorbidity index; FVC, forced vital capacity; HbA1c, hemoglobin

A1c; PSL, prednisolone.

level was a risk factor for surgical site infections after
replacement arthroplasty or spine surgery [17,18].
Regarding associations between HbA1c levels and post-
operative AE, no reports have evaluated this phenome-
non. On the other hand, it was reported that diabetes is
one of the factors associated with significantly higher
mortality in patients with idiopathic pulmonary fibrosis
[19]. In the present study, preoperative HbAlc levels
were significantly high in the postoperative AE group.
Upon dividing patients into two groups based on cutoff
levels of HbAlc determined by ROC curves, the rates of
patients without postoperative AE differed significantly
between the two groups. These results suggested that
chronic hyperglycemia assessed by HbAlc may be a
predictor of postoperative AE.

Unlike the preoperative Hbalc level, a history of
diabetes mellitus was not significantly associated with
postoperative AE. This result suggested that strictly
controlling glucose levels lowers the risk of postopera-
tive AE, even in patients with diabetes mellitus.
Actually, in the present study, HbAlc levels of diabetes

mellitus patients with postoperative AE [medians with
interquartile ranges: 7.6% (6.7%, 8.2%)] were higher
than those without postoperative AE [medians with
interquartile ranges: 6.7% (6.5%, 7.0%)]. It was also
reported that HbAlc levels >6% (but not 6.2%) were
associated with an increase in complications within
30 days of surgery in patients undergoing emergency
general surgery [15].

Several studies have shown that the HRCT pattern
(honeycombing) and pulmonary function indices were
predictive markers of postoperative AE. Sugiura et al.
reported that the incidence of postoperative AE in
patients with typical or possible honeycombing was sig-
nificantly higher than in those without honeycombing
[20]. Tt was also reported that a UIP pattern on chest
CT was an independent predictor of postoperative AE
[1,21]. Regarding pulmonary function indices, several
studies showed that %VC and %DLco were significantly
correlated with postoperative AE [1,21,22]. In addi-
tion, Taya et al. reported that %FVC was an indepen-
dent risk factor for AE in patients undergoing lung
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cancer treatment [23]. Similar to the results of previous
reports, the present study demonstrated that the pres-
ence of honeycombing and that of FVC were each sig-
nificantly associated with postoperative AE.

In contrast with previous reports [3,23], this study
showed that preoperative PS was a risk factor for post-
operative AE. Few studies have assessed the association
between preoperative PS and postoperative AE.
Moreover, the previous studies enrolled only small
numbers of patients [3,23]. PS is a significant prognos-
tic marker for patients with ILD or LC [23,25].
Therefore, it may also be associated with postoperative
AE. Hence, further studies are needed to evaluate this
phenomenon.

Limitations.  There were some limitations to this
study. First, this was a retrospective, single-center
study, and the number of patients was small. Second,
detailed classifications of ILD were not performed.
Third, perioperative blood glucose monitoring was not
evaluated. Fourth, the severity of ILD was mild in most
patients (the median level of %DLco was 85.3%). Such
mild ILD severity may have contributed to the lower
mortality of postoperative AE compared with previous
studies [1]. Finally, we did not assess all the risk factors
for postoperative AE that had been reported in previous
studies. For example, although preoperative exertion
dyspnea (Hugh-Jones classification), or the maximum
standardized F-18 fluorodeoxyglucose uptake values of
tumors and that of noncancerous lung areas were
reported to be independent predictors of postoperative
AE in patients with LC-ILD [3,26], we did not evaluate
any of these variables.

In conclusion, the present results suggest that pre-
operative comorbidities other than ILD are not risk
factors for postoperative AE in patients with LC-ILD.
On the other hand, a high preoperative HbAlc level, a
poor PS, alow FVC, and honeycombing may each be
associated with postoperative AE of LC-ILD. A pro-
spective, multicenter, large-scale study is required to
examine the reproducibility of the present study.
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