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The aim of this prospective study was to clarify whether dual-time-

point 18F-FDG PET imaging results are useful to predict long-term
survival of idiopathic pulmonary fibrosis (IPF) patients.Methods: Fifty
IPF patients underwent 18F-FDG PET examinations at 2 time points:

60 min (early imaging) and 180 min (delayed imaging) after 18F-FDG

injection. The standardized uptake value (SUV) at each point and
retention index value (RI-SUV) calculated from those were evaluated,

and then the results were compared with overall and progression-

free survival. Results: A multivariate Cox proportional hazards model
showed higher RI-SUV and higher extent of fibrosis score as inde-

pendent predictors of shorter progression-free survival. The median

progression-free survival for patients with negative RI-SUV was bet-

ter than that for those with positive RI-SUV (27.9 vs. 13.3 mo, P 5
0.0002). On the other hand, multivariate Cox analysis showed higher

RI-SUV and lower forced vital capacity to be independent predictors

of shorter overall survival. The 5-y survival rate for patients with neg-

ative RI-SUV was better than that for those with positive RI-SUV
(76.8% vs. 14.3%, P 5 0.00001). In addition, a univariate Cox model

showed that positive RI-SUV as a binary variable was a significant

indicator of mortality (hazard ratio, 7.31; 95% confidence interval,

2.64–20.3; P 5 0.0001). Conclusion: Our results demonstrate that
positive RI-SUV is strongly predictive of earlier deterioration of pul-

monary function and higher mortality in patients with IPF.
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Patients with idiopathic pulmonary fibrosis (IPF) experience
progressive respiratory failure and have a median survival of less
than 3 y after diagnosis (1). However, even though the natural
history of affected patients is unpredictable, most patients demon-
strate a slow gradual progression over several years, whereas some
may experience an accelerated decline (2). Although there are no

definitive treatments for IPF, clinical trials of some agents have
suggested possible benefits (3,4), especially when given early in
the course of the disease before an irreversible condition develops
(5). Lung transplantation is the only known treatment to provide
survival benefit (1); however, the risk of mortality while waiting for
that procedure is significantly greater for patients with IPF than for
those with cystic fibrosis or emphysema (6,7). Thus, prediction of
prognosis at the time of diagnosis is important for determining early
pharmacotherapy and prioritizing lung transplant candidates.
Several physiologic and radiologic parameters that predict poor

survival in patients with IPF have been identified, including lower
forced vital capacity (FVC), diffusion capacity for carbon monoxide
(DLCO), and extent of fibrosis shown by high-resolution CT (HRCT)
(8–10). 18F-FDG PET has recently been applied for assessing disease
activity in interstitial pneumonia patients (11–14). Also, pulmonary
18F-FDG uptake was recently reported to be a predictor of global
health score and lung physiology in patients with IPF (11). However,
it remains unclear whether 18F-FDG PET findings can predict prog-
nosis. Several studies have found that the retention index of stan-
dardized uptake value (RI-SUV), calculated from dual-time-point
18F-FDG PET early (1-h conventional scan) and delayed (2–3 h)
imaging findings, is useful for differentiation of malignant from be-
nign diseases and that the uptake of 18F-FDG continues to increase in
malignant lesions for several hours after injection (15,16). Interest-
ingly, dual-time-point 18F-FDG PET has been reported useful for
assessing the activity of benign inflammatory diseases, such as pul-
monary sarcoidosis and tuberculoma (17,18). Furthermore, those
studies demonstrated that active inflammatory lesions show higher
standardized uptake values (SUVs) on delayed than early PET
images. Also, our previous findings revealed that dual-time-point
18F-FDG PET is a sensitive indicator of short-term progression of
pulmonary function in patients with idiopathic interstitial pneumonia
(12). In the present study, we examined the relationship between
dual-time-point 18F-FDG PET findings and survival in patients with
IPF to clarify its usefulness to predict long-term survival.

MATERIALS AND METHODS

Study Subjects

This study was approved by the institutional ethics committee of
our hospital, and written informed consent was obtained from all par-

ticipating patients. The clinical trial was registered at the University
Hospital Medical Information Network Clinical Trials Registry (www.

umin.ac.jp/ctr/; UMIN000010498). We prospectively enrolled 56 consecu-
tive patients treated at the University of Fukui Hospital from October 2007

to December 2012, and the protocol-defined final analysis was performed
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on March 31, 2015. Exclusion criteria included connective tissue disease,

occupational or environmental exposure that resulted in interstitial pneu-
monia, and history of ingestion of a drug or agent known to cause

pulmonary fibrosis. Six patients were subsequently excluded because
of a final diagnosis of other diffuse parenchymal lung diseases (chronic

hypersensitivity pneumonitis, collagen vascular disease, chronic eosino-
philic pneumonia); thus, 50 with IPF were included in the present study

(Fig. 1). Of the 50 patients with IPF, 20 were clinically diagnosed and
pathologically confirmed to have a usual interstitial pneumonia pattern on

the basis of surgical lung biopsy results, whereas 30 were diagnosed with
clinical IPF according to diagnostic criteria of the American Thoracic

Society/European Respiratory Society (19). Surgical lung biopsies were
performed within 4 wk after 18F-FDG PET scanning. None of the sub-

jects was being administrated steroid or immunosuppressant therapy at
the time of inclusion. Pulmonary function tests (measurements of FVC

and DLCO), a 6-min walk test, and arterial blood gas analysis were
performed within 4 wk of 18F-FDG PET scanning in all patients, as

previously described (20,21). To evaluate progression-free survival, we

performed pulmonary function tests after 18F-FDG PET scanning in all
patients at least every 6 mo.

Thoracic CT

Patients underwent CT scanning with a multidetector row CT system
(LightSpeed ULTRA or Discovery CT750 HD; GE Healthcare) within

2 wk before 18F-FDG PET scanning. Contiguous 5.0-mm-thick sections
were initially obtained at 5.0-mm intervals throughout the thorax, fol-

lowed by noncontrast chest HRCT, which was used to obtain contigu-
ous 2.0-mm cross-sectional slices throughout the thorax. All images

were reconstructed using a bone algorithm and obtained at window
settings suitable for viewing the lung parenchyma.

One radiologist and 1 physician independently scored the baseline
HRCT findings using a standardized form, as previously described

(10). In brief, the overall extent of fibrosis (i.e., extent of reticulation

and honeycombing) was determined for each entire lung using a 5-point
scale (0, no involvement; 1, 1%–25% involvement; 2, 26%–50% in-

volvement; 3, 51%–75% involvement; and 4, 76%–100% involvement).

Dual-Time-Point 18F-FDG PET and Image Interpretation
18F-FDG PET imaging was performed using a whole-body scanner

(ADVANCE; GE Healthcare), as previously described (12). Before

PET scanning, all patients were clinically and radiologically confirmed
to have no respiratory infection. All patients fasted overnight for at

least 12 h before radiotracer administration. None had insulin-
dependent diabetes, and all had serum glucose levels below 126 mg/dL

immediately before injection of 18F-FDG. Approximately 185 MBq
of 18F-FDG (a dose commonly used for clinical 18F-FDG PET scan-

ning in Japan) were intravenously administered. Emission scans of the
thorax were obtained after 1 h for a period of 20 min (early scan) and

again after 3 h for 20 min (delayed scan). A transmission scan was ob-
tained for a period of 10 min using a standard rod source of 68Ge/68Ga

for attenuation correction after each emission scan using the same bed
position as with the emission scan.

Semiquantitative analysis of 18F-FDG uptake was based on region-
of-interest (ROI) analysis by 2 experienced radiologists, which pro-

duced mean SUV (local radioactivity concentration/[injected dose/body
weight]), as previously described (12). In brief, to ensure that the CT

and early and delayed PET images were in accordance, they were
coregistered using specific software (Advantage Workstation; GE

Healthcare). Next, circular ROIs with a fixed diameter of 30 mm were
drawn on the PET images in the anterior, lateral, and posterior regions

of both lungs (Fig. 2). This was done at 3 representative slice levels: the
upper lung field (level of aortic arch), middle lung field (level of tra-

cheal bifurcation), and lower lung field (above level of diaphragm). The
RI-SUVs were calculated from SUVs obtained after 1 (early SUV) and

3 (delayed SUV) hours using the following equation:

RI-SUVð%Þ 5 delayed  SUV 2 early  SUV

early  SUV
· 100:

For analysis of 18F-FDG uptake by lung lesions, the SUV for each
lesion, assessed by the ROI method, was classified according to CT

findings. Early and delayed SUVs and RI-SUVs for the lesions were
averaged for the ROIs of lesions that had an abnormal shadow (e.g.,

honeycomb, consolidation, reticular density) on corresponding CT
images. When the ROI contained both normal and abnormal lung

fields on corresponding CT images, ROIs with an abnormal shadow
area greater than 50% of the ROI area were considered to have ab-

normal shadow.

Pathologic Assessment

Twenty patients underwent surgical lung biopsy examinations, and

a semiquantitative assessment was performed for each individual
biopsy using a scale of 0–6 for 2 individual histologic features: extent

of fibroblastic focus and extent of interstitial

mononuclear cell infiltration, as previously
described (22).

Assessment of Endpoints

The primary endpoint was whether dual-
time-point 18F-FDG PET findings, including

early and delayed SUVand RI-SUV, were pre-
dictive of overall survival rate and time until

death, whereas the secondary endpoint was
whether those were predictive of progression-

free survival. Progression-free survival was
defined as the time to first occurrence of any

one of the following: a confirmed decrease

FIGURE 1. Flow diagram.

FIGURE 2. Representative CT (A) and early (B) and delayed PET (C) images of patient with IPF.

After images obtained with those modalities were coregistered, circular ROIs with fixed diameter

of 30 mm were drawn on PET images in anterior, lateral, and posterior regions of both lungs.
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of 10 percentage points or more in FVC, a confirmed decrease of 15
percentage points or more in DLCO, or death (3,23).

In our previous study, we used a receiver-operating-characteristic
(ROC) curve method to obtain an appropriate cutoff of RI-SUV for

prediction of short-term disease progression in patients with idiopathic
interstitial pneumonia, with a value of 0% suggested to be the ap-

propriate cutoff point (12). Thus, using our primary and secondary
endpoints, we sought to associate overall survival and progression-free

survival with RI-SUV as a binary predictor, with an RI-SUV cutoff of
0%. In addition, an ROC curve method, Cox regression analysis, and

a log-rank test were used to determine the optimal cutoff of RI-SUV
for prediction of long-term prognosis in the present patients with IPF.

Statistical Analysis

All values are expressed as the mean 6 SD. Categoric data were

compared using the Fisher exact test or a x2 test as appropriate. The
Mann–Whitney U test was used for comparisons between groups. A k

statistic method was used to evaluate observer performance for assess-
ment of HRCT images. Interobserver agreement was considered to be

slight for a k value of less than 0.21, fair for k equaling 0.21–0.40,

moderate for k equaling 0.41–0.60, substantial for k equaling 0.61–
0.80, and nearly perfect for a k of 0.81–1.0 (24). Overall survival and

progression-free survival were evaluated using Kaplan–Meier survival
curves and a log-rank test. Survival time was calculated as the number

of months from the 18F-FDG PET scan until death or time of censor-
ing. Variables selected via a univariate test (P , 0.05) were evaluated

using multivariate Cox regression analysis. Analyses were performed
using IBM SPSS Statistics 22.0, with P values less than 0.05 consid-

ered statistically significant.

RESULTS

Clinical and Dual-Time-Point 18F-FDG PET Findings

Table 1 shows demographic features of the patients. The median
follow-up period was 29 mo (range, 2–91 mo). Patients with RI-
SUVs of 0% or greater had significantly lower percentage-predicted
FVC, lower percentage-predicted DLCO, a shorter 6-min walk dis-
tance value, a lower 6-min walk test nadir oxygen saturation, and
a higher extent of fibrosis score. Interobserver agreement for assessment

TABLE 1
Baseline Characteristics and 18F-FDG PET Findings in Present Patients

Characteristic

All subjects

(n 5 50)

RI-SUV $ 0%

(n 5 27)

RI-SUV , 0%

(n 5 23) P*

Sex (n) 1.00

Male 42 23 19

Female 8 4 4

Age (y) 69.6 ± 9.7 69.8 ± 10.0 70.4 ± 9.0 0.88

Follow-up period (mo)† 29 (2–91) 24 (2–80) 57 (7–91) 0.002

Smoking status (n) 0.79

Non-smoker 13 6 7

Ex-smoker 25 14 11

Current-smoker 12 7 5

Smoking amount (pack-years) 34.6 ± 28.6 34.2 ± 26.1 35.0 ± 31.9 0.95

Spirometry at baseline

FVC (% predicted) 84.1 ± 24.3 75.5 ± 22.4 94.3 ± 23.0 0.017

DLCO (% predicted) 56.6 ± 18.0 50.5 ± 18.3 63.6 ± 15.2 0.007

Resting PaO2 (mm Hg) 83.6 ± 13.4 80.5 ± 14.2 87.2 ± 11.7 0.087

6-min walk distance (m) 370 ± 123 336 ± 129 410 ± 105 0.035

6-min walk test nadir SpO2 (%) 89.1 ± 4.9 87.7 ± 5.5 90.7 ± 3.5 0.035

Extent of fibrosis score (n) 0.042

0 0 0 0

1 15 4 11

2 21 12 9

3 13 10 3

4 1 1 0

18F-FDG PET findings

Early SUV 1.21 ± 0.43 1.36 ± 0.56 1.10 ± 0.25 0.20

Delayed SUV 1.22 ± 0.55 1.54 ± 0.65 0.92 ± 0.25 0.0002

RI-SUV (%) −0.34 ± 16.5 13.3 ± 6.8 −16.3 ± 7.4

*Statistical analysis was performed only to compare between RI-SUV $ 0% and , 0%.
†Median value, with range in parentheses.

PaO2 5 arterial partial pressure of oxygen; SpO2 5 oxygen saturation.
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of extent of fibrosis score was substantial (k 5 0.76). In the present
study, the delayed SUVof patients with RI-SUVs 0% or greater was
significantly higher than that of patients with RI-SUVs less than
0%, whereas there was no significant difference for early SUV
between the groups.
An ROC curve using RI-SUV for prediction of 3-y survival was

produced to determine an appropriate RI-SUV cutoff for pre-
diction of long-term prognosis (Supplemental Fig. 1; supplemental
materials are available at http://jnm.snmjournals.org). According
to the ROC curve analysis, a value of 0% was suggested to be the
appropriate cutoff point. Furthermore, a broad range of RI-SUVs, be-
tween 220% and 20%, was examined in 5% increments using Cox
regression analysis and a log-rank test to determine the appropriate
cutoff of RI-SUV for prediction of long-term prognosis and short-

term disease progression (Supplemental Table 1). These analyses
also indicated that RI-SUV of 0% was the most discriminative
cutoff point for determining prognosis.
Patients were treated with various treatment regimens (Table 2),

with therapy decisions made by each attending physician. Pharma-
cologic treatments were administrated more frequently to patients
with positive as compared with negative RI-SUV (74.1% vs. 26.1%,
P5 0.0007). In addition, the period from 18F-FDG PET scanning to
treatment initiation was shorter in patients with positive than in those
with negative RI-SUV (median days, 22.5 [range, 1–1,161]) vs.
351.5 [range, 62–1,668]), though the difference was not significant
(P 5 0.088).

Association of Dual-Time-Point 18F-FDG PET Findings with

Progression-Free Survival

Thirty-seven patients showed disease progression during the
study period. Univariate Cox proportional hazards model findings
revealed that higher extent of fibrosis score, higher delayed SUV,
and higher RI-SUV as a continuous variable were indicators of
poor prognosis, whereas early SUV was not significant (Table 3).
On the other hand, multivariate analysis showed that higher RI-
SUV (hazard ratio [HR], 1.03; 95% confidence interval [CI],
1.00–1.05; P 5 0.030) and higher extent of fibrosis score (HR,
1.66; 95% CI, 1.09–2.54; P 5 0.018) were independent predictors
of progression-free survival. Figure 3 shows that the median
progression-free survival for patients with negative RI-SUV was
better than that for those with a positive RI-SUV (27.9 vs. 13.3 mo,
P 5 0.00019). In addition, a univariate Cox model showed that
positive RI-SUV as a binary variable was a significant indicator of
disease progression (HR, 3.68; 95% CI, 1.78–7.59; P 5 0.00043).
Sensitivity, specificity, and accuracy of the RI-SUV cutoff of 0% to
predict 1-y disease progression were 81.3%, 56.3%, and 64.6%,
respectively (Supplemental Table 2). Two of 50 patients were ex-
cluded from this analysis, because they died of causes unrelated to
IPF before 1 y.

Association of Dual-Time-Point 18F-FDG PET Findings with

Overall Survival

There were 25 deaths due to IPF during the study period. In
addition, 25 patients were censored, including 17 alive at the time
of analysis and 8 who died of causes unrelated to IPF.
A univariate Cox proportional hazards model revealed that

a lower FVC, lower DLCO, shorter 6-min walk distance, lower
6-min walk test nadir oxygen saturation, higher extent of fibrosis

TABLE 2
Treatment Regimens

Treatment regimen

RI-SUV $ 0%

(n 5 27)

RI-SUV , 0%

(n 5 23) P

None 7 17 0.0007

Treatment 20 6

Prednisolone only 7 2

Prednisolone 1 cyclosporine A 1 0

Prednisolone 1 cyclophosphamide 0 2

Prednisolone 1 pirfenidone 1 0

Prednisolone 1 cyclosporine A 1 pirfenidone 4 0

Pirfenidone only 7 2

Median time to treatment initiation (d) 22.5 (range, 1–1,161) 351.5 (range, 62–1,668) 0.088

TABLE 3
Prognostic Factors for Progression-Free Survival of Patients

with IPF Using Univariate and Multivariate Cox Models

Model HR 95% CI P

Univariate Cox

Male sex 1.31 0.54–3.18 0.55

Ever-smoker 0.66 0.32–1.36 0.26

FVC (% predicted) 0.99 0.97–1.00 0.13

DLCO (% predicted) 1.00 0.98–1.02 0.71

Resting PaO2 (mm Hg) 0.99 0.97–1.01 0.24

6-min walk distance (m) 1.00 0.99–1.00 0.81

6-min walk test nadir SpO2 (%) 0.94 0.87–1.01 0.077

Extent of fibrosis score (0–4) 1.88 1.27–2.81 0.002*

Early SUV 2.13 0.93–4.88 0.073

Delayed SUV 2.45 1.30–4.61 0.005*

RI-SUV (%) 1.03 1.01–1.05 0.003*

Multivariate Cox

RI-SUV (%) 1.03 1.00–1.05 0.030*

Extent of fibrosis score (0–4) 1.66 1.09–2.54 0.018*

*P , 0.05.

PaO2 5 arterial partial pressure of oxygen; SpO2 5 oxygen
saturation.

1872 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 56 • No. 12 • December 2015

http://jnm.snmjournals.org


score, higher delayed SUV, and higher RI-SUV were indicators of
mortality, whereas early SUV was not significant (Table 4). On the
other hand, multivariate analysis showed higher RI-SUV (HR,
1.05; 95% CI, 1.01–1.08; P 5 0.007) and lower FVC (HR,
0.97; 95% CI, 0.95–0.99; P 5 0.020) as independent predictors
of overall survival. Figure 4 shows that the 5-y survival rate for
patients with negative RI-SUV (76.8%) was better than that for
those with positive RI-SUV (14.3%, P 5 0.00001). In addition,
a univariate Cox model showed that positive RI-SUV as a binary
variable was a significant indicator of mortality (HR, 7.31; 95%
CI, 2.64–20.3; P 5 0.00013). Sensitivity, specificity, and accuracy
of the RI-SUV cutoff of 0% to predict 3-y mortality were 83.3%,
71.4%, and 77.8%, respectively (Supplemental Table 2). Five of
50 patients were excluded from this analysis, because they died of
causes unrelated to IPF before 3 y.
Representative 18F-FDG PET images used for evaluation of

prognosis in the present IPF cases are shown in Figure 5.

Association of Dual-Time-Point 18F-FDG PET Findings with

Pathologic Findings

Median histologic scores in the 20 patients who underwent
surgical lung biopsy were 3 (range, 1–5) for the extent of fibroblast
focus and 2 (range, 1–4) for the extent of interstitial mononuclear
cell infiltrate. Although no significant difference was observed, the
patients with positive RI-SUV tended to have a greater extent of
fibroblastic foci than those with negative RI-SUV (median, 4
[range, 1–5] vs. 2 [range, 1–4], respectively, P5 0.19). The extent
of interstitial mononuclear cell infiltrate did not have an associa-
tion with positive or negative RI-SUV (median, 2 [range, 1–4] vs.
2 [range, 1–3], respectively, P 5 0.48).

DISCUSSION

In the present prospective study of 50 patients with IPF, we found
that higher RI-SUV as a continuous variable as well as lower FVC
independently predicted mortality. In addition, positive RI-SUV as
a binary variable was associated with a 7.31-fold increase in mortal-
ity as compared with negative RI-SUV. Furthermore, the median

progression-free survival of patients with positive RI-SUV was less
than half of those with negative RI-SUV. Thus, it is suggested that
patients with higher RI-SUV have a higher risk of mortality because
of earlier deterioration of pulmonary function. In addition, our results
confirmed that an RI-SUVof 0%, which we previously reported to be
the optimal cutoff point for prediction of short-term disease progres-
sion in patients with idiopathic interstitial pneumonia (12), was also
the most discriminative cutoff point for prediction of long-term prog-
nosis in patients with IPF. To the best of our knowledge, this is the
first study to demonstrate an association of 18F-FDG PET findings
with overall and progression-free survival in patients with IPF. Al-
though several recent studies have reported that conventional 18F-
FDG PET imaging may be useful for assessing IPF disease activity
(11,13,14), none presented findings showing a correlation between
the rate of 18F-FDG uptake and survival for specific forms of in-
terstitial lung diseases.
According to our results, early SUV may be less important as

a biomarker of IPF as compared with RI-SUV. Recently, RI-
SUV has been reported as a biomarker of other inflammatory
lung diseases, such as sarcoidosis and tuberculosis (17,18). In
vitro, glucose transporter expression is increased in stimulated
inflammatory cells (25). Furthermore, hexokinase, which medi-
ates the phosphorylation of intracellular 18F-FDG, resulting in
its retention within cells, is also activated (26,27). Thus, acti-
vation of inflammatory cells causes a sustained increase in
18F-FDG accumulation over time (25,28). Therefore, it is con-
sidered that RI-SUV reflects disease activity in inflammatory
lung diseases, whereas the prognostic value of early SUV may
be limited.
Because an increased number of fibroblast foci and interstitial

inflammatory cell infiltration have been reported as risk factors for

FIGURE 3. Progression-free survival curves for patients with IPF grouped

by positive and negative RI-SUV. PFS 5 progression-free survival.

TABLE 4
Prognostic Factors for Overall Survival of Patients with IPF

Using Univariate and Multivariate Cox Models

Model HR 95% CI P

Univariate Cox

Male sex 2.13 0.63–7.17 0.22

Ever-smoker 1.28 0.51–3.23 0.60

FVC (% predicted) 0.97 0.95–0.99 0.003*

DLCO (% predicted) 0.97 0.94–0.99 0.012*

Resting PaO2 (mm Hg) 0.98 0.95–1.01 0.15

6-min walk distance (m) 0.99 0.99–0.99 0.010*

6-min walk test nadir SpO2 (%) 0.92 0.85–0.99 0.041*

Extent of fibrosis score (0–4) 2.00 1.25–3.18 0.004*

Early SUV 1.70 0.50–5.85 0.40

Delayed SUV 2.96 1.20–7.27 0.018*

RI-SUV (%) 1.05 1.02–1.09 0.0005*

Multivariate Cox

RI-SUV (%) 1.05 1.01–1.08 0.007*

FVC (% predicted) 0.97 0.95–0.99 0.020*

*P , 0.05.

PaO2 5 arterial partial pressure of oxygen; SpO2 5 oxygen
saturation.
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disease progression and mortality in patients with IPF (22,29), it is
considered that activated fibroblasts and inflammatory cells play
key roles in pulmonary fibrosis progression. In the present study,
though the difference was not significant, patients with positive
RI-SUV tended to have a greater extent of fibroblast focus than
those with negative RI-SUV, indicating that RI-SUV might have
a correlation with fibroblast activation. On the other hand, El-
Chemaly et al. found that inflammatory cells in fibrotic lung
tissues obtained from IPF patients expressed glucose trans-
porter-1, whereas fibroblast foci were negative (30). Together,
these findings suggest that RI-SUV is associated with the degree
of both fibroblast and inflammatory cell activity in patients with
IPF.
Although there are no definitive treatments for IPF, clinical

trials of some agents have suggested possible benefits (3,4), es-
pecially early in the course of the disease before irreversible
fibrosis develops (5). On the other hand, only lung transplanta-
tion may prolong survival of affected patients (1). Because the
risk of mortality while waiting for lung transplantation is signif-
icantly greater for those with IPF (6,7), patients who show rapid
deterioration should be listed for lung transplantation early in
their disease course. The present findings revealed that positive
RI-SUV ($0%) predicts that the patient will have earlier dete-
rioration of pulmonary function and higher mortality, indicating
the requirement of early-phase treatment options including
listing for lung transplantation. The negative RI-SUV (,0%),
however, predicts that the patient will not show short-term deteri-
oration and will have a relatively good prognosis; thus, immediate
therapy such as corticosteroid or immunosuppressant administra-
tion, which will likely be accompanied by severe complications,
may not be required. According to these considerations, dual-
time-point 18F-FDG PET might be clinically relevant for the man-
agement of IPF cases.
There are some limitations to this study. First, even though

the primary and secondary endpoints were met, IPF is a rare
disease and our sample size was relatively small. Second, there

is currently no consensus regarding the best method for quantifi-
cation of 18F-FDG signals for interstitial pneumonia, though Win
et al. reported excellent short-term interscan reproducibility for
pulmonary 18F-FDG uptake using mean SUV in patients with
IPF (31), indicating that static indices for 18F-FDG PET imaging
may be suitable to assess IPF disease activity. Additional pro-
spective results are required to confirm the reproducibility of our
findings.

FIGURE 5. Representative IPF patient with high RI-SUV who died 33

mo after initial diagnosis because of respiratory dysfunction. (A) Chest

HRCT through both lower lung fields demonstrating honeycombing with

predominantly peripheral distribution. (B) Transaxial 18F-FDG PET (early

imaging) showing 18F-FDG accumulation in lesions with abnormal opac-

ity on corresponding CT images (average early SUV, 2.13). (C) Delayed
18F-FDG PET imaging showing increased 18F-FDG accumulation as

compared with early imaging (average delayed SUV, 2.42; average RI-

SUV, 14.0%).

FIGURE 4. Overall survival curves for patients with IPF grouped by

positive and negative RI-SUV.
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CONCLUSION

We found that positive RI-SUV predicted earlier deterioration
of pulmonary function and was strongly predictive of long-term
survival of patients with IPF. Furthermore, higher RI-SUV was
shown to be an independent predictor of overall and progression-
free survival. Dual-time-point 18F-FDG PET imaging may be
a useful tool for determining treatment strategy and disease man-
agement at the time of initial diagnosis for affected patients.
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