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Objectives: Acute exacerbation of interstitial lung disease (AEILD) is a severe complication after
pulmonary resection. This study investigates whether 2-[18]-fluoro-2-deoxy-D-glucose (*F-FDG) uptake
on positron emission tomography (PET) in ILD areas is a predictor of AEILD.

Methods: We enrolled 200 non-small cell lung cancer (NSCLC) patients with smoke exposures. Ten (5.0%)
developed AEILD of whom seven were diagnosed as severe AEILD requiring medication. Patients were
classified into either heterogeneity (HET, presence of ILD and non-ILD areas) or homogeneity (HOM, only
non-I1LD) according to the ¥F-FDG uptake at diaphragm level.

Results: The average maximum 8F-FDG uptake by NSCLC and in non-1LD was in HOM comparable to
that in HET (p = 0.86 and p = 0.14, respectively); however; it was 2.8-fold higher in ILD than in non-I1LD
within HET (p < 0.01). Multivariate analyses revealed that only HET was independent factors for AEILD
and severe AEILD (p < 0.01, and p = 0.03, respectively). Among HET, honeycombing or a triad of
reticulation, consolidation, and ground-glass attenuation on high-resolution computed tomography (n = 21)
associated with higher complication rate regarding AEILD and worse prognosis (both p < 0.01).
Conclusions: Presurgical 8F-FDG uptake on normal lung areas may predict AEILD in smoke exposures.
Synopsis: Heterogeneity consisted of normal lung area and interstitial lung disease area according to 8F-
FDG uptake. The average maximum ®F-FDG uptake was 2.8-fold higher in interstitial lung area than in
normal area within heterogeneity. honeycombing or plenty of distinctive findings of interstitial lung disease
on high-resolution computed tomography associated with higher complication rate regarding acute
exacerbation of interstitial lung disease and worse prognosis.

© 2019 Hiroaki Kuroda. Hosting by Science Repository.

Introduction

Lung cancer is a major cause of morbidity in the world [1, 2]. Lung
cancer-related interstitial lung disease (ILD) is well known to be
associated with idiopathic pulmonary fibrosis [3]. A recent review shows
that the relative lung cancer risk is 3.5 to 7.3 times higher in ILD, with

lung cancers occurrence estimated at 10-20% in ILD and more than 15%
of patients with ILD likely dying from lung cancer [4]. The ILD
incidence upon lung cancer diagnosis varies between 2.4% and 10.9%
[4]. Cancer-related inflammation affects many aspects of the malignant
process, including the proliferation and survival of malignant cells,
angiogenesis, tumour metastasis, and tumour response to
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chemotherapeutic drugs and hormones [5]. In addition, ILD have an
increased rate of cancer-related death after lung resection [6, 7].
Especially, the acute exacerbation of interstitial lung disease (AEILD) is
currently left as the troublesome problem that should be still unsettled as
complications after lung resection for lung cancers. In a Japanese dataset
of 1,763 patients with resection of pulmonary non-small cell lung cancer
(NSCLC), AEILD occurred in 9.3%, caused a mortality rate of 43.9%,
and was with 71.7% the main cause for 30-day mortality [8, 9]. In
addition, a different approach was that of Sato et al. who analysed in
2014 the 30-day risk of AEILD in a large-scale Japanese database [9].
The authors derived a risk score from AEILD history parameters,
surgical procedures, the degree of elevated serum KL-6 levels, and the
degree of vital capacity decreases [9]. However. enough verification has
not been obtained because little is known to have focused on this risk
score associated with AEILD after surgical resection.

Several studies describe that various physiological and radiological
parameters can predict a poor outcome in patients with idiopathic
pulmonary fibrosis (IPF). High-resolution computed tomography
(HRCT) is a promising method to determine the extent of fibrosis [10].
The glucose uptake on *®F fluoro-deoxy-glucose positron emission
tomography (**FDG-PET) has been suggested as a radiological method
to identify poor survival in IPF patients in clinical use as biomarker [11,
12]. Groves et al. reported that an increased pulmonary *F-FDG
metabolism was observed in all patients with IPF and other forms of
diffuse lung disease [13]. Moreover, recent reports present evidence that
in IPF patients, a high ¥F-FDG uptake is independently associated with
an increased mortality risk. For instance, Umeda et al. demonstrate a
strong association of 8F-FDG uptake with the patient’s prognosis [14].

Maniwa et al. suggest that **F-FDG uptake may be a predictive factor for
AEILD after surgery. They propose that surgeons should pay attention
to ®F-FDG uptake in ILD areas when considering surgery for lung
cancer patients with ILD [15]. In IPF patients, **F-FDG uptake was also
observed in lung areas with a normal morphological appearance on
HRCT [16]. However, the prognostic value of FDG-PET after surgical
resection of NLCLC remains unclear when the lung parenchyma appears
normal in a HRCT? The aim of the present study was to evaluate whether
BE-FDG uptake in a pretreatment *FDG-PET uptake may predict the
risk of AEILD and the prognosis of NSCLC after pulmonary resection.

Materials and Methods
| Study design and patients

In this retrospective study, we examined 200 patients with primary
NSCLCs, who had undergone pulmonary resection. All patients had a
history of previous or current smoking. The pulmonary resections were
performed between January 2010 and December 2016 at the Aichi
Cancer Hospital. Data for the cancer classification were derived from
computed tomography (CT) images of the chest and upper abdomen,
magnetic resonance images of the head, and PET images. NSCLCs were
staged using the TNM classification system (8" edition), and
pathological diagnosis was interpreted according to the terminology
outlined by the World Health Organization in 2004 [17, 18]. For this
study, a CT consolidation on thin CT slices (10-20 mm thickness) served
as a critical radiological measure. Data surveyed from patient records
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included age, sex, preoperative serum carcinoembryonic antigen levels,
smoking status (pack-years), respiratory functions (vital capacity [VC],
per cent forced expiratory volume in 1 second [FEV1%], and carbon
monoxide diffusing capacity [DLCO]), pathological TNM stage, C-
reactive protein (CRP) before and 3 months after pulmonary resection,
mutation status (EGFR/KRAS/ALK), and AEILD during the follow-up
course. AEILD was diagnosed by by pulmonologists. The PET images
were re-examined if the HRCT of a patient indicated a potential AEILD.
AEILD was diagnosed if an increase in ®F-FDG uptake was identified
in lung areas that appeared normal in preoperative images. The AEILD
cases (n = 10) were divided into two groups depending on having
treatment (severe AEILD, n = 7) or not (n = 3). The interstitial
pneumonia (IP) score was calculated according to the established
formula from Japan [8].

This study was conducted in accordance with the Declaration of
Helsinki. All patient records and information were anonymized prior to
analysis. Since the anonymity of individual patients was ensured, the
Institutional Review Board of Aichi Cancer Hospital approved this study
(2016-1-208), provided that preoperative informed consent was obtained
in each instance.

~

Preoperative PET

Figure 1(A): A representative case of ®FDG-PET (right) and HRCT
(left) before pulmonary resection (top) and at the time of an acute
exacerbation of interstitial lung disease (bottom).

I1 PET-CT acquisition and distribution

All patients underwent ®*FDG-PET prior to surgical resection. The
generation and evaluation of ®FDG-PET scans has been described in
detail in previously published articles [19-22]. PET-CT images were
acquired according to a standard imaging protocol using a dedicated
PET/CT scanner (Biograph 40; SIEMENS Healthcare Japan Co., Japan).
Patients fasted for at least 6 hours prior to injection of 3.8 MBg/kg of
BF-FDG and were scanned 90 minutes after FDG injection. Parameters
such as total lung glycolysis (TLG), as well as maximum and mean 8F-
FDG uptake, were obtained by PET, whereas TLG was calculated as the
product of mean ®F-FDG uptake and metabolic tumour volume. The
maximum and mean ®F-FDG uptake and the metabolic tumour volume
of NSCLC and ILD areas were calculated using a SIEMENS MMWP
workstation, as previously reported [19-22]. A technical assistant
blinded to the clinical data calculated these parameters. The difference
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in FDG uptake between both sides was evaluated by two radiologists.
All patients were attributed to one of the following two groups according
to their HRCT findings: heterogeneity (HET) consisting of ILD and non-
ILD areas or homogeneity (HOM) presenting only non-ILD areas
(Figure 1A).

111 Statistical analyses

All data were calculated using standard software (SPSS version 25.0;

SPSS Inc. [IBM Corporation], Chicago, IL, USA). Comparisons
between two groups were performed using the Mann-Whitney U test.
The Kaplan—Meier method was used to analyse survival rates in patient
subsets; between-group differences in survival were assessed with the
log-rank test. Potential correlates of survival were subjected to univariate
and multivariate analyses using the Cox proportional hazards regression
model. Hazard ratios (HRs) and median survival rates are presented with
95% confidence intervals (Cls). Statistical significance was set at p <
0.05.

Table 1: Patient characteristics

Variables HOM (n = 141) HET (n =59) p value
Sex male/female 114/27 (80.9%) 51/8 (86.4%) 0.34
Age (years) 67 71 <0.01*
Pack-years (mean) 455+274 50.6 £ 25.9 0.01*
Laboratory data

CEA 6.8+13.1 6.7+7.1 0.01*
Preoperative CRP 05+1.2 05+1.2 0.97
Postoperative CRP (3 months) 09+3.0 09+19 0.14

Cancer location (right/left) 92/49 (65.2%) 32/27 (54.2%) 0.14

Maximum ¥FDG uptake
Cancer 13.7+9.3 12.7+7.6 0.86
Non-ILD area 05+0.2 05+0.2 0.14
ILD area - 1.4+0.6

IP score
Mean (range) 6.1+1.8 80+24 <0.01*

Respiratory function
VC (%), mean (range) 97.8+14.3 96.0+15.4 0.13
FEV1% (%), mean 733+11.1 74.8+10.3 0.28
DLCO (%), mean 101.3+31.6 88.3+22.0 <0.01*

Pathology 0.01
Adeno 97 (68.8%) 23 (40.0%) -
Squamous 27 (19.1%) 30 (50.8%) -
Others 17 (12.1%) 6 (10.2%)

Pathological stage 0.86
IA/IB 63/31 (44.7/22.0%) 26/12 (44.1/20.3%) -
IA/11B 1/26 (0.7/18.4%) 2/9 (33.9/15.3%) -
HA/IB/IV 18/1/1 (12.8/0.7/0.7%) 10/0/0 (17.0/0/0%) -

Mutations
EGFR (positive) 26 (18.4%) 6 (10.1%) 0.15
KRAS (positive) 20 (14.2%) 5 (8.4%) 0.27
ALK (pos/neg/unknown) 0/125/16 (0%) 0/54/5 (0%) -

Approach
Thoracotomy/Thoracoscopy 84/57 (59.6%) 41/18 (69.5%) 0.19

Procedure 0.92
Sublobar 49 (18.4%) 8 (20.5%)

Lobectomy 216 (81.2%) 31 (79.5%)
Pneumonectomy 1 (0.4%) 0 (0%)

BEDG: 2-[18]-fluoro-2-deoxy-D-glucose; ALK: ; CEA: carcinoembryonic antigen; CRP: C-reactive protein; DLCO: carbon monoxide diffusing capacity;
EGFR: ; FEV1%: per cent forced expiratory volume in one second; HET: heterogeneity; HOM: homogeneity; ILD: interstitial lung disease; IP: interstitial

pneumonia; KRAS: ; VC: vital capacity.

Results

| Patient characteristics

The clinicopathological characteristics of the study population are
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summarized in Table 1. The mean patient age was significantly higher
in HET than in HOM (67 vs. 71 years, respectively, p < 0.01). Male
participants accounted for at least 80% in both groups (p = 0.34).
Exposure to tobacco as determined by pack-years was significantly
higher in HET group compared to HOM (p < 0.01). Regarding

Volume 2(2): 3-7



Heterogeneity by PET predict exacerbation

respiratory function tests, VC and FEV1% were equivalent in both
groups (p = 0.13 and p = 0.28, respectively); however, the mean DLCO
value was significantly lower in HET compared to HOM (p < 0.01). The
two groups did not show significant differences with respects to surgical
approach and procedure (thoracotomy vs. thoracoscopy, p = 0.19;
proportion of sublobar resection, p = 0.92). The proportion of
adenocarcinoma was significantly more frequent in HOM than in HET
(68.8% vs. 40.0%, respectively; p < 0.01); however, patients in HOM
displayed an increased rate in pathological stages equal or higher than
1A (HOM 33.3% vs. HET 35.6%, respectively; p = 0.86). No significant
between-group difference was observed with respect to mutations in
EGFR and KRAS (p =0.15 and p = 0.27). The IP risk score was 1.3-fold
higher in HET than in HOM (p < 0.01).

11 Accumulation of maximum *¥FDG uptake on PET

The average maximum 8FDG uptake by primary lung cancer was in
HOM as high as that in HET and did not show any statistically
significant difference (p = 0.86). Comparing non-ILD areas, the
maximum ®FDG uptake was not significantly different between HOM
and HET (p = 0.14). By contrast, the average maximum ¥FDG uptake

was within HET 2.8-fold higher in ILD areas compared to non-1LD areas
(p <0.01).

111 Acute exacerbations of interstitial lung disease

Ten patients (5.0%) presented an AEILD as a postoperative
complication. Among those, seven patients (3.5%) required steroids
(severe AEILD), whereas the remaining three (1.5%) recovered without
further treatment after the radiological diagnosis. Only male patients
experienced AEILDs. Compared with HOM, HET had a 21.9-fold
higher complication rate regarding AEILDs (0.7% vs. 15.3%, p < 0.01)
and a 14.6-fold higher complication rate regarding severe AEILDs (0.7%
vs. 10.2%, p = 0.01). Univariate analyses determined four variables,
including patient age = 75 years, postoperative inflammatory
procrastination (elevated CRP levels for 3 months), the presence of HET,
and an IP score > 10, that were used in subsequent multivariate analyses.
As shown in (Table 2), postoperative inflammatory procrastination and
HET were independent factors for AEILD (both p < 0.01). Likewise, the
presence of HET was the only factor independently associated with
severe AEILD (p = 0.03).

Table 2: Univariate and multivariate analyses of clinicopathologic variables associated with an acute exacerbation of interstitial lung disease

Variables Uni- Multivariate
AEILD Severe AEILD
p HR (CI) p HR (CI) p

Patient characteristics

Age =75 years 0.04 3.76 (0.76-18.6) 0.11 1.95 (0.38-10.1) 0.42

Pack-year >60 0.50 - -
FEV1 (%)

FEV1 <70 0.91 -
Laboratory CRP

F’reoperatlye 043 )

inflammation (>1.0)

Postoperative (> 1.0) <0.01 15.9 (2.9-85.8) <0.01 4.29 (0.82-22.5) 0.09
Intraoperative findings

Time (>240 min) 0.75 -
PET

HET <0.01 25.8 (2.68-249.2) <0.01 12.9 (1.34-119.8) 0.03
Procedures

Non-sublobar 0.89
Approach

Thoracoscopy 0.62
IP score

IP score (>10) 0.01 2.45 (0.39-15.6) 0.34 1.85(0.28-12.2) 0.53
Genomic mutation

EGFR 0.99 -

AEILD: acute exacerbation of interstitial lung disease; CI: confidence interval; CRP: C-reactive protein; EGFR: Epidermal growth factor receptor; FEV1:
forced expiratory volume in one second; HET: heterogeneity; HR: hazard ratio; IP: interstitial pneumonia; PET: positron emission tomography.

IV Parenchymal patterns of ILD areas on HRCT and PET

In HET, parenchymal patterns on HRCT consisted of honeycombing (n
= 12, 20.3%), reticulation (n = 36, 61.0%), consolidation (n = 32,
52.4%), and ground-glass attenuation (GGA, n = 50, 84.7%). We
subdivided the HET patients into two groups: a high-risk group with
either honeycombing or a triad containing all elements of reticulation,
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consolidation, and GGA (n = 21) and a low-risk group, in which one or
two elements of the defined triad were present (n = 38). The average
maximum BFDG uptake in ILD areas was 1.2-fold higher in the high-
risk group (1.55 + 0.52) than in the low-risk group (1.27 £ 0.64, p = 0.01;
Fig. 1B). The mean TLG which subtracted that in non-ILD area from
ILD area was equivalent with no significant (p = 0.08; Fig. 1C).
Moreover, compared to the low-risk group, the high-risk group had a

Volume 2(2): 4-7




Heterogeneity by PET predict exacerbation

21.9-fold higher complication rate regarding AEILDs (33.3% vs. 5.3%,
p <0.01; Figure 1D).
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Figure 1: (B/C) The levels of the maximum *8FDG uptake (B) and TLG
(C) according to HRCT status in heterogeneity. (D) AEILD incidence
according to HRCT status in heterogeneity.

V Patient outcomes

The median follow-up after pulmonary resection was 29.0 months
(range, 4.4-99 months). No significant difference in overall survival was
observed between low-risk group in HET and HOM (HR: 0.63, 95%Cl:
0.22-1.83, p = 0.40), but overall survival was significantly lower in high-
risk group in HET compared to HOM (HR: 2.50, 95%Cl: 1.05-5.91, p =
0.04; Figure 2A). As shown in Figure 2B, of the 21 HET patients in the
high-risk group, 7 presented a cancer recurrence, 5 died due to cancer-
related causes, and 2 died from cardiopulmonary events (Figure 2B).
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Figure 2: (A) Overall survival from pulmonary resection according to
homogeneity, heterogeneity (high-risk and low-risk divided by HRCT)
on PET-CT scans. (B) A schematic representation of the postoperative
course.

Discussion

In the present study, we investigated the relationship between ¥FDG
metabolism on PET and the occurrence of AEILDs during the
postoperative period and retrospectively analysed on HRCT appearance
patterns in ILD areas to establish prognostic markers. The main findings
of this study can be summarized as follows: 1) by dividing diversity
accumulation on PET, patients from HET had a 21.9- and 14.6-fold
higher complication risks for AEILD and severe AEILD, respectively,
compared to those from HOM; 2) multivariate analyses established that
HET was an independent factor for both AEILD and severe AEILD; and
3) based on a more than two-year follow-up period, our study revealed
that specific parenchymal patterns on HRCT define a high-risk subgroup
in HET which is significantly associated with a worse overall survival
compared to the low-risk in HET and HOM.

In NSCLC, 8FDG-PET has recently become indispensable for reliable
diagnostic imaging, and several surgical studies demonstrated the
prognostic significance of pretreatment *FDG uptake [23, 24]. We
previously reported that a high 8FDG uptake is associated with tumour
invasiveness and lymph node metastases in NSCLCs [20]. Recently,
several authors suggested that ®FDG-PET might be useful as an index
for IPF activity, and Umeda et al. reported in 2015 that positive *FDG-
PET findings are associated with overall and progression-free survival
in patients with IPF [11-14]. Subsequently, Win et al. described that IPF
patients can have increased ®FDG-PET uptake even in lung areas with
normal morphological appearance on HRCT [16]. In another study, the
same authors investigated the consistency of pulmonary ¥FDG-PET
uptake in patients with IPF and found an excellent short-term (6.3 + 4.3
days) reproducibility [25]. The present study revealed that the significant
difference in *FDG-PET uptake in non-ILD areas between HOM and
HET, but the mean maximum *®FDG-PET uptake was 2.8-fold higher in
ILD areas compared with non-1LD areas.

It is well-known that increased ®FDG-PET uptake may not only be an
indicator of malignancy but also inflammation. Many authors published

Volume 2(2): 5-7



Heterogeneity by PET predict exacerbation

that AEILD after pulmonary resection results in a poorer prognosis
because of a refractory respiratory failure. However, only a few studies
investigated the relationship between AEILD and preoperative ®FDG-
PET uptake. In 2013, Maniwa et al. reported that the presurgical *FDG-
PET uptake may be a predictive factor for AEILD after pulmonary
resection [15]. Similar to these results, our study demonstrates that
BEDG-PET uptake in the HET group is an independent predictive factor
for both AEILD and severe AEILD. The suitability of maximum *FDG
uptake as a predictive factor for AEILD after pulmonary resection
remains unclear; however; most studies demonstrate a significant
association between maximum ®FDG uptake and IPF [11-14]. Several
authors proposed the mechanism of ®FDG-PET uptake in ILD areas in
vitro and in vivo as follows: (a) in ILD, a stimulation of inflammatory
cells induces an overexpression of the glucose transporter-1; (b) the
infiltration of inflammatory cells causes an increase in activated
fibroblast foci; and (c) *®FDG-PET uptake in HRCT-identified ILD areas
as well as unaffected regions of the lung parenchyma reflects the
increase in inflammatory cells [26]. In another study from 2016,
Jacquelin et al. suggested that *FDG-PET could assess the reversibility
of interstitial lung infiltrates by predicting the functional improvement
and, therefore, could help physicians to predict and monitor treatment
response [27]. Our results suggest that postoperative inflammatory
procrastination was one of the independent factors for AEILD, which
represents infiltration by inflammatory cell and activated fibroblast foci.
However, further studies are necessary to establish the relationship
between preoperative *FDG-PET uptake and AEILD because only a
small retrospective cohort was used in this study.

In another part of this study, we postulated that ®FDG-PET uptake
corresponds to morphological characteristics of ILD areas. The HET
high-risk group (honeycombing or triad of reticulation, consolidation,
and GGA) was indeed associated with a poorer prognosis after an
NSCLC was treated with pulmonary resection. Several authors describe
that honeycombing and reticulation on HRCT are associated with
microscopic fibrotic changes, which might promote an increase in
BEDG-PET uptake [11, 13, 16]. In 25 consecutive IPF patients, Win et
al. first provide evidence that PET can detect abnormalities in the
absence of changes in lung parenchyma on HRCT [16]. In another study,
a high pulmonary target-to-background ratio is independently associated
with increased risk of mortality in IPF patients [11]. Groves et al.
reported that the parenchymal pattern on HRCT at the maximal ®FDG-
PET was GGA in 19.4%, reticulation/honeycombs in 72.2%, and mixed
8.3% in 36 IPF and maximal 8FDG-PET uptake corresponded to areas
of reticulation/noneycombing on HRCT [13]. The distribution of *FDG-
PET uptake corresponded to the parenchymal abnormalities,
representing the existence of irreversible microscopic fibrosis. In the
present study, the HET group with a higher *®FDG-PET uptake in ILD
areas was a predictive factor for both AEILD and severe AEILD, and
parenchymal patterns in the HET group presenting honeycombing or the
entire triad of reticulation, consolidation, and GGA carried a higher risk
for both AEILD and severe AEILD than the remaining patterns. This
study has several limitations. First, our surgical population has a
relatively low proportion of patients with mild chronic obstructive
pulmonary disease as previously reported [28]. The accuracy in the
diagnosis of AEILD data consistency is believed to be improved by
additional PET evaluation in a follow-up course, which is our strong
asset in this study. In this study, severe AEILD occurred in 10.2% of
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patients in the HET group, which is compatible with comparable
Japanese data [7-9]. Second, our study revealed only a small number of
AEILDs, possibly due to the retrospective, single-centre design, which
may have caused bias. Although further investigations will be required,
we believed this cohort study is an invaluable asset because there are few
reports about the relationship between ®FDG-PET uptake and AEILD.
Third, in PET studies, measurements deviate among facilities. It is a
strong point of this cohort study that the PET measurements were
performed at a single institutional PET facility as described in our
previous report [20]. However, future accumulations, particularly for the
planning phase, are still necessary for validating our results.

In conclusion, the presurgical ®¥F-FDG uptake on normal lung area
predicted AEILD in patients with the smoke exposure. In addition,
patients with a heterogenous ILD area who presented on HRCT
honeycombing or the triad of reticulation, consolidation, and GGA had
a higher AEILD complication rate and a worse 3-year overall survival
rate. Additional studies are warranted to determine if pretreatment 8F-
FDG uptake is associated with the occurrence of AEILD and the
patient’s prognosis.
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