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Purpose:  To assess the impact of adding thin-section CT–derived semiquantitative fibrotic score to gender, age, and physiology (GAP) 
model for predicting survival in idiopathic pulmonary fibrosis (IPF).

Materials and Methods:  In this retrospective study of 194 patients with IPF, primary outcome was transplant-free survival. Two thoracic 
radiologists visually estimated the percentage of reticulation and honeycombing at baseline thin-section CT, which were added to give 
fibrotic score. For analysis, fibrotic score cutoff (x) determined by using receiver operating characteristic analysis categorized patients 
into group A (,x) and group B (x). Another categorization based on GAP score created group 1 (score 0–3) and group 2 (score 3). 
Combining the above categories gave four groups (A1, A2, B1, B2). Kaplan-Meier survival analysis was performed with comparison 
statistics (log-rank test), and hazard ratios were calculated by using the Cox model.

Results:  The study patients included 141 men (72.7%), with average age of 66.1 years 6 9.1 (standard deviation). Eighty-four patients 
(43.3%) has stage I disease with a median follow up of 3.3 years. The interobserver agreement for thin-section CT fibrotic score was 
substantial (83.3%; k = 0.64). The optimal cutoff for fibrotic score was 25% (x), with area under the curve of 0.654 (95% confidence 
interval [CI]: 0.569, 0.74). Survival for group A1 was significantly better than in the other three groups (P < .001). The hazard ratios 
for respective groups were as follows: B1 was 4.03 (95% CI: 2.02, 8.07), A2 was 4.10 (95% CI: 1.89, 8.87), and B2 was 5.62 (95% 
CI: 2.86, 11.06) (P , .001 for all). Within the group with GAP score less than or equal to 3 (A1, B1), participants with higher fibrotic 
score (B1) had four times the increased risk of death or transplantation (P , .001).

Conclusion:  Incorporating semiquantitative fibrotic score from thin-section CT to GAP score provides an improved prediction model 
for survival in idiopathic pulmonary fibrosis.

© RSNA, 2019

Idiopathic pulmonary fibrosis (IPF) is the most common 
type of idiopathic interstitial pneumonia and is associated 

with poor prognosis (1,2). Until recent years, lung transplant 
was the only treatment option available for IPF. Currently, a 
few antifibrotic medications are approved for use in patients 
with IPF that claim to slow down the disease progression (3). 
The clinical course of IPF is unpredictable and predictive 
models utilizing clinical variables have been proposed (4–8). 
Among these, gender, age, and physiologic (GAP) score has 
been demonstrated to be reliable for predicting survival in 
IPF and other chronic interstitial lung diseases and utilizes 
variables that are easily obtainable in clinical practice (8,9).

Thin-section CT of the chest is an essential tool in di-
agnosis of IPF (1,10). Studies have shown that a “definite 
usual interstitial pneumonia” pattern at thin-section CT 
is associated with higher mortality (11). In addition, the 
extent of reticulation and honeycombing has been shown 

to correlate with outcomes in IPF (10,12–19). Some other 
thin-section CT features such as traction bronchiectasis 
and honeycombing have also been linked with survival 
(20,21). The fibrotic score is considered as a combina-
tion of extent of reticulation and honeycomb changes seen 
at thin-section CT (22). However, none of the previous 
research evaluated the role of extent of thin-section CT 
changes as an adjunct to the GAP score. We hypothesized 
that the addition of fibrotic score from baseline chest thin-
section CT would improve the value of GAP score in pre-
dicting disease progression and patient survival.

Materials and Methods
This retrospective study was approved by our institu-
tional review board. This study was Health Insurance 
Portability and Accountability Act compliant. We re-
viewed all consecutive patients with IPF (n = 352) who 
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gether. The percentages were scored to the closest multiple of 
five, and the fibrotic score was calculated as sum of reticula-
tion and honeycombing. In addition, both readers scored 15 
more scans (each from other reader group) that were evenly 
distributed across the cohort, thus giving 30 scans (15%) in 
common for the assessments of interreader variability. GAP 
score, originally suggested by Ley et al (8), was calculated for 
each participant and is outlined in Table 1.

Primary outcome for the study was transplant-free survival, 
defined as the time between initial visit to our institution and 
death or lung transplantation. The date of transplantation was 
extracted from the institutional lung transplantation and clinic 
database. Vital status was obtained from the Social Security 
Death Index or Institutional Pulmonary Translational Research 
and Clinical Database.

Statistical Analysis
Descriptive statistics for characteristics of the study cohort were 
estimated and presented with mean and standard deviation for 
continuous measures and frequency and percentage for categori-
cal variables. Median and interquartile range were estimated for 
follow-up time. Surgical lung biopsy data were correlated with 
GAP stages and fibrotic score categories by using x2 test. Cor-
relation between lung function (functional vital capacity, diffu-
sion capacity of carbon monoxide [DLCO]) and fibrotic score 
was assessed by using Pearson correlation coefficient. Optimal 
cutoff for reticulation, honeycombing, and fibrotic score was de-

were enrolled in the Pulmonary Translational Research and 
Clinical Database at our institution from January 1, 2000 
to December 31, 2013. The diagnosis was reached accord-
ing to 2011 American Thoracic Society/European Respira-
tory Society guidelines (1). As a part of work-up, an extensive 
serology and clinical history including occupation, drug, and 
environmental exposure were obtained. The diagnosis of IPF 
was established if a definite usual interstitial pneumonia pat-
tern at thin-section CT of the chest was present in a patient 
clinically suspected of having IPF. A multidisciplinary panel 
(consisting of at least one pulmonologist, chest radiologist, 
thoracic surgeon, and chest pathologist each who are experts 
in this field) discussed clinically discordant cases, cases with 
possible definite usual interstitial pneumonia pattern, or cases 
with inconsistent definite usual interstitial pneumonia pat-
tern. Diagnosis of IPF was established when tissue sampling 
showed definite usual interstitial pneumonia pattern or oth-
erwise by consensus agreement by the panel in an appropriate 
clinical setting. We included all consecutive patients with a 
thin-section CT scan at initial presentation and at least one 
follow-up visit to the interstitial lung disease clinic. Demo-
graphic, clinical, and imaging data for these patients were 
reviewed. The total number of scans were equally distributed 
among the two blinded fellowship-trained thoracic radiolo-
gists (S.S., J.W.) with at least 5 years of experience in quality 
review. The exclusion criteria were suboptimal thin-section 
CT scan (nonadherence to American College of Radiology 
guidelines), presence of artifacts such as from considerable re-
spiratory motion, and no expiratory images (23). For patients 
with serial thin-section CT scans, the earliest CT was used 
for the study. The selected thin-section CT scans of the chest 
were anonymized and equally divided between the two study 
radiologists who reviewed the axial and coronal reformats on 
the inspiratory scan and visually estimated the percentage of 
reticulation and honeycombing separately. Specifically, each 
lung was considered 50% each, making both lungs 100% to-

Abbreviations
CI = confidence interval, GAP = gender, age, and physiology, 
DLCO = diffusion capacity of carbon monoxide, HR = hazard 
ratio, IPF = idiopathic pulmonary fibrosis

Summary
Incorporating semiquantitative fibrotic score from thin-section CT 
to gender, age, and physiology (GAP) score provides an improved 
prediction model for survival in patients with idiopathic pulmonary 
fibrosis, especially in early-stage or mild disease.

Key Points
nn The addition of a visual semiquantitative fibrotic score from thin-

section CT of the chest to the gender, age, and physiology (GAP) 
score at the time of diagnosis provides a better prediction model 
for survival analysis in patients with idiopathic pulmonary fibrosis 
compared with GAP score alone. 

nn This thin-section CT-GAP model combines fibrotic score with 
GAP score and shows improved correlation with outcomes, espe-
cially in patients with mild disease (GAP score 3). 

Table 1: Gender, Age, and Physiology (GAP) Score

Predictor Points

Gender
  Female 0
  Male 1
Age (y)
  60 0
  61–65 1
  65 2
Physiology
  Physiologic variables
    Predicted forced vital capacity (FVC)*
      75 0
      50–75 1
      ,50 2
   Predicted diffusion capacity of the lung for 

carbon monoxide (DLCO)*
      55 0
      36–55 1
      ,35 2
      Unable to perform 3
  Maximum possible points 8

Note.—Score of 0–3 indicates GAP stage I, score of 4–5 indi-
cates GAP stage II, and score of 6–8 indicates GAP stage III.
* Indicates percentage predicted.
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Figure 1:  Flowchart shows study cohort and overall outcome after follow-up. IPF = idiopathic pulmonary fibrosis, PFT = pulmonary 
function test.

patients were excluded due to lack of clinical data and 194 pa-
tients were included in the final analysis (Fig 1). Average age 
of the patients was 66.6 years 6 9.1 (standard deviation). The 
majority of patients were men (141 of 194, 72.7%) and non-
Hispanic white (182 of 194, 93.8%). Median follow-up time 
for the study was 3.3 years. Detailed demographic data are 
listed in Table 2. A total of 107 patients had undergone a sur-
gical lung biopsy before being labeled as having IPF, whereas 

termined with receiver operating characteristic analysis, taking 
the primary outcome as the event. R software (version 3.3.2; 
R Foundation for Statistical Computing, Vienna, Austria) was 
used for the calculation of optimal cutoffs with Youden criteria. 
By using Cox proportional hazard model, hazard ratios (HRs) of 
honeycombing, reticulation, and fibrotic score were calculated, 
taking optimum cutoff points. Fibrotic score was then catego-
rized as dichotomized variable based on this cutoff as group A, 
with fibrotic score less than the cutoff, and as group B, with 
fibrotic score equal to or greater than the cutoff. GAP score 
was dichotomized in group 1 with score 0–3 (stage I) and in 
group 2 with score greater than 3 (stage II or III). Combining 
the dichotomized GAP and fibrotic score variables created four 
groups (group A1, A2, B1, B2). Distribution information of 
these groups was presented as frequency and percentage. Kaplan-
Meier survival curves were estimated for these four groups along 
with comparison statistics (log-rank test). By using Cox propor-
tional hazard model, HRs of the groups 1 versus 2 and group 
A versus B were calculated. Additionally, combined groups of 
GAP scores and fibrotic scores were evaluated. Next, we exam-
ined the interaction term of GAP score in association between 
the thin-section CT score and transplant-free survival, which 
indicated GAP score could be a potential effect modifier. There-
fore, subgroup analysis was conducted based on the GAP score 
of 0–3 versus GAP score greater than 3. Cox proportional haz-
ard models were estimated by GAP stages to investigate whether 
the effect of dichotomized fibrotic score variables is varied by 
GAP stages. The hypothesis testing was two-sided, with P .05 
considered to indicate statistical significance. All the statistical 
analyses were performed with SAS (version 9.4; SAS Institute, 
Cary, NC).

Results
Of the 352 cases in the Institutional Pulmonary Translational 
Research and Clinical Database cohort, 156 cases were ex-
cluded because thin-section CT images were unavailable or 
were suboptimal compared with the American College of Ra-
diology standards as judged by the study radiologists. Among 
196 patients with optimum thin-section CT chest scans, two 

Table 2: Baseline Study Characteristics

Variable Value

No. of patients 194
Age (y)* 66.6 6 9.1
Sex
  Male 141 (72.7)
  Female 53 (27.3)
Race
  White 182 (93.8)
  Nonwhite 12 (6.2)
Functional vital capacity *† 66.1 6 16.0
Diffusion capacity of carbon monoxide *† 47.5 6 16.3
GAP score 3 84 (43.3)
Fibrotic score ,25% 53 (27.32)
GAP score 3 and fibrotic score ,25%‡ 28 (14.4)
GAP score 3 and fibrotic score 25%§ 56 (28.9)
GAP score 3 and fibrotic score ,25%ǁ 25 (12.9)
GAP score 3 and fibrotic score 25%# 85 (43.8)
Follow-up time (y)** 3.3 (1.6–5.3)

Note.—Unless otherwise specified, data are frequencies, with 
percentages in parentheses. GAP = gender, age, and physiology.
* Data are means 6 standard deviation.
† Indicates percentage predicted.
‡ Indicates group A1.
§ Indicates group B1.
ǁ Indicates group A2.
# Indicates group B2.
** Data are medians, with interquartile range in parentheses.
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with higher GAP stage and higher fibrotic score (group B2) had 
5.62 times the increased risk of death or transplantation com-
pared with those with lower GAP stage and lower fibrotic score 
(P ,.001). Within group 1 (GAP score 3), participants with 
higher fibrotic score had 4.07 times the increased risk of death 
or transplantation compared with those with lower fibrotic score 
(group B1  A1; P ,.001) (Figs 5, 6). Within group 2 (GAP 
score 3), there was no difference of HR between participants 
with higher and lower fibrotic score (groups A2, B2).

Discussion
In this study, we investigated whether addition of semiquanti-
tative thin-section CT fibrotic score to the clinical GAP score 
could yield significant information for patient survival in IPF. 
We constructed four groups by using two GAP and fibrotic 
score groups for patient survival and found that in patients 
with lower GAP stage (GAP score 3), the fibrotic score is a 
much better tool for outcome.

Thin-section CT of the chest has an important part to 
play in the diagnosis of IPF. Specifically, it obviates tissue 

87 patients did not undergo 
surgical lung biopsy and their 
diagnosis was established after 
multidisciplinary discussion as 
described previously. There was 
no significant association be-
tween surgical lung biopsy and 
fibrotic score. However, patients 
with a higher GAP score (score 
3) were less likely to undergo 
a surgical lung biopsy (67.8% 
vs 46.7%; P =.003). Details are 
tabulated in Table 3.

There was no significant cor-
relation between baseline func-
tional vital capacity (percentage 
predicted) and fibrotic score with a Pearson correlation coef-
ficient (r = 20.10854; P =.1361). Baseline DLCO data were 
available for only 172 patients. Twenty-two patients could not 
get a baseline DLCO measurement due to their advanced dis-
ease. There is only a weak negative correlation between base-
line DLCO data and fibrotic score (r =20.163; P =.03). This 
weak correlation is caused by the extreme observation that has 
a fibrotic score of 75 and DLCO percentage of 17 that can be 
seen in Figure 2. If we exclude this extreme observation, then 
correlation is no longer significant (r = 20.1357; P =.0759).

The optimum cutoff value from receiver operating charac-
teristic analysis for honeycombing was 10% (area under the 
curve, 0.634 [95% confidence interval {CI}: 0.555, 0.712]), 
for reticulation was 15% (area under the curve, 0.574 [95% 
CI: 0.481, 0.667]), and for fibrotic score was 25% (area under 
the curve, 0.654 [95% CI: 0.569, 0.74]) (Fig 3). HRs were 
calculated taking these values as cutoff. Fifty-three (27.3%) pa-
tients had fibrotic scores of less than 25%. Eighty-four patients 
(43.3%) had stage I disease (GAP score 3). The interreader 
agreement between the two radiologists for the fibrotic score 
less than or equal to 25 versus score greater than 25 for 30 
cases was 83.3% (k = 0.64; P =.001), indicating substantial 
agreement.

The findings of Kaplan-Meier survival analysis using four 
groups of combinations of dichotomized GAP scores and fi-
brotic scores for predicting patient survival are shown in Figure 
4. Survival curve for lower GAP and fibrotic score group (GAP 
score 3 and fibrotic score ,25%, or group A1) is markedly 
separated from the other three groups. P value obtained by per-
forming log-rank test indicates that this separation is statistically 
significant (P <.001).

Estimated HRs for the patients with IPF based on different 
variables and their proposed combinations are shown in Table 4 
and HRs of patients with IPF by GAP stages are shown in Table 
5. Participants with lower GAP stage and higher fibrotic score 
(group B1) had 4.0 times the increased risk of death or trans-
plantation compared with those with lower GAP stage and lower 
fibrotic score (P ,.001). Participants with higher GAP stage and 
lower fibrotic score (group A2) had 4.1 times the increased risk 
of death or transplantation compared with those with lower 
GAP stage and lower fibrotic score (P =.0003). Participants 

Table 3: Correlation of Fibrotic Score and Gender, Age, and Physiology (GAP) Score 
with Surgical Lung Biopsy

Variable
Did Not Undergo Surgical 
Lung Biopsy

Underwent Surgical Lung 
Biopsy P Value

No. of patients 87 107
Fibrotic score .12
  ,25 19 (21.8) 68 (78.2)
  25 34 (31.8) 73 (168.2)
GAP score .003
  3 28 (32.2) 59 (67.8)
  3 57 (53.3) 50 (46.7)

Note.—Data are numbers, with percentages in parentheses. 

Figure 2:  Line dot graph depicts distribution of dif-
fusion capacity of carbon monoxide with fibrotic score. 
AUC = area under the curve, ROC = receiver operating 
characteristic.
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oxygen requirement and coexisting pulmonary hypertension. 
Some studies report the limited capability of the GAP score to 
accurately predict outcomes, emphasizing the need for more 
robust prediction models (28). To address this shortcoming, a 
new modified GAP model (CT-GAP) by substituting DLCO 
with CT fibrotic score was found to have comparable perfor-
mance for prognostication by Ley et al (16). In our study, the 

sampling or biopsy in a case with 
“definite usual interstitial pneumo-
nia” pattern, in an appropriate clini-
cal setting (23). These thin-section 
CT criteria provide a good tool for 
diagnosis of IPF and can also assist in 
determining its prognosis. Multiple 
quantifiable imaging findings at thin-
section CT, including traction bron-
chiectasis and fibrotic score, have 
been shown to consistently correlate 
with prognosis (20,22,24). In one of 
these studies (20) including patients 
with biopsy-proven IPF, extent of 
traction bronchiectasis and fibrotic 
score correlated well with prognosis 
irrespective of radiographic disease 
pattern. A study (25) evaluating the 
role of serial CT to monitor disease 
progression concluded that the ex-
tent of fibrosis at the baseline scan 
was the only predictor of mortality. 
Also, development of honeycombing 
at serial CT monitoring for disease 
progression has not been shown to 
affect prognosis (26). In one of the 
early attempts at quantitative assess-
ment of fibrosis, semiquantitative vi-
sual extent of fibrosis was the single 
best predictor of mortality and cor-
related much better than did quan-
titative measures such as skewness 
and kurtosis (27). The results from 
these studies indicate that increasing 
extent of disease at CT is undeni-
ably related to adverse prognosis in 
IPF. However, clinically useful stag-
ing systems based on imaging tradi-
tionally require absolute cutoffs for 
analysis and prognostication. In this 
regard, there is a paucity of research 
in quantification of the extent of fi-
brotic features in IPF. An attempt in 
this direction was made by Romei et 
al (18), who showed in their study 
that baseline honeycombing greater 
than 25%, fibrotic score greater than 
30%, and traction bronchiectasis in 
all the lobes are associated with poor 
outcome.

GAP is a clinical prediction model based on gender, age, 
and physiologic variables such as functional vital capacity and 
DLCO. It is the most widely used clinical tool for prognosti-
cation in patients with IPF due to its good prediction ability 
and ease of calculation in an office setting. However, assessing 
DLCO (a component of GAP score) might be impossible in 
some patients with extensive disease who have high baseline 

Figure 3:  Graph shows fibrotic score optimal cutoff (Youden J index). DLCO = diffusion capacity of carbon 
monoxide with fibrotic score.

Figure 4:  Graph shows survival curves of patients with idiopathic pulmonary fibrosis by combined groups of 
gender, age, and physiology (GAP) score and CT fibrotic score at baseline thin-section CT.

http://radiology-cti.rsna.org
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extent of honeycombing, 
reticulation, and espe-
cially a combined fibrotic 
score showed a good cor-
relation with patient out-
come. Both honeycomb-
ing and reticulation at 
thin-section CT indicate 
fibrosis but can be hard 
to distinguish from each 
other. Therefore, the com-
bined fibrotic score might 
be a better parameter with 
less interreader variability 
as observed in the current 
study. In the study model 
(thin-section CT-GAP), 
the CT fibrotic score was 
added as a new variable 
to the GAP score that 
showed a good correlation with transplant-free survival. Par-
ticularly, the fibrotic score was an important prediction vari-
able in the patient group with lower GAP stages (GAP score 
3). The predicted functional vital capacity did not have sig-
nificant correlation with fibrotic score and predicted DLCO 
showed a weak correlation that was not significant when 
extreme values were removed. These are interesting study 
findings, suggesting that the imaging changes do not always 
parallel physiologic decline shown by pulmonary function 
tests. We speculate a few reasons for this discordance, such 
as variability in patients’ respiratory reserve; imaging changes 
preceding the physiologic changes and vice versa in differ-
ent patients; variable degree of small airway affec-
tion; and lack of including comorbidities (such as 
chronic obstructive pulmonary disease, pulmonary 
hypertension, etc) in the GAP model. Moreover, 
recent studies (29) advocate additional physiologic 
testing including measurement of lung compliance 
and quantification of dead space ventilation for 
better pulmonary functional evaluation of patients 
with IPF, and thus better correlation with survival.

Recently, many automated image analysis tech-
niques at thin-section CT including density histo-
gram analysis (such as Gaussian histogram normal-
ized correlation system), density mask technique, 
and texture classification have been used to quan-
tify fibrosis. Most of them document a good cor-
relation with pulmonary function tests and clini-
cal outcome (30–32). Further work with machine 
learning for developing reliable automated quanti-
fication algorithms for fibrotic score will not only 
overcome the subjectivity in visual fibrotic scoring, 
but also make our study findings easily applicable 
in the clinical setting.

In addition to the retrospective nature, we ac-
knowledge a few limitations of our study. The di-
agnosis of IPF was already established according 

Table 4: Estimated Hazard Ratios of Patients with Idiopathic Pulmonary Fibrosis

Variable Hazard Ratio P Value

Honeycombing ,10% vs honeycombing 10% (ROC) 1.902 (1.35, 2.68) .0002
Reticulation ,15% vs reticulation 15% (ROC) 2.197 (1.28, 3.77) .004
GAP score 3 vs GAP score 3 1.972 (1.39, 2.79) .0001
Fibrotic score 25% vs fibrotic score ,25% 2.346 (1.55, 3.55) <.0001
Combined GAP and fibrotic score (compared with GAP score 3  

and fibrotic score ,25)*
GAP score 3 and fibrotic score 25† 4.03 (2.02, 8.07) <.001
GAP score 3 and fibrotic score ,25‡ 4.10 (1.89, 8.87) .0003
GAP score 3 and fibrotic score 25§ 5.62 (2.86, 11.06) <.001

Note.—Data in parentheses are 95% confidence intervals. GAP = gender, age, and physiology, ROC = 
receiver operating characteristic.
* Indicates group A1.
† Indicates group B1.
‡ Indicates group A2.
§ Indicates group B2.

Table 5: Estimated Hazard Ratio of Patients with Idio-
pathic Pulmonary Fibrosis by Gender, Age, and Physi-
ology (GAP) Stages

Variable Hazard Ratio P Value

GAP stage I
  GAP score 3
  Fibrotic score 25% 4.07 (2.02, 8.18) <.001
GAP stages II or III
  GAP score 3
  Fibrotic score 25% 1.46 (0.87, 2.44) .16

Note.—Data in parentheses are 95% confidence intervals.

Figure 5:  Axial thin-section CT images of chest in a 72-year-old man with gender, age, and 
physiology score of 3 and fibrotic score of 30 (reticulation 15%; honeycombing 15%) (group B1). 
He was deceased at study follow-up.
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to the 2011 guidelines in this retro-
spective cohort (1). However, recent 
guidelines were published in 2018 
that are more comprehensive and will 
be used in practice onwards (23). We 
dichotomized the GAP stages in the 
model instead of retaining the three 
GAP stages described. This was be-
cause of limited and uneven distribu-
tion of the number of cases in each 
GAP stage. Moreover, it has been re-
ported that patients with GAP stage 
I disease are prognostically very dif-
ferent from patients with GAP stage 
II and III disease, whereas the differ-
ence is not so marked between stages 
II and III (33). Two different radiolo-
gists did not double read all the cases. 
However, both the readers indepen-
dently scored 30 (15%) cases, with a 
substantial interreader agreement for 
fibrotic score categories. We did not 
assess the role of comorbidities such 
as emphysema or pulmonary hyper-
tension at CT that could have significantly affected lung 
function and GAP score, at least in some patients.

The proposed thin-section CT-GAP model in our study has 
a potential for better patient stratification to target therapy and 
monitor treatment response with the newer antifibrotic drugs. 
Further research with larger cohorts and utilization of machine 
learning algorithms are needed to emphasize these findings.

In conclusion, the addition of a visual semiquantitative 
fibrotic score from thin-section CT of the chest to the GAP 
score at the time of diagnosis provides a better prediction 
model for survival analysis in patients with IPF compared 
with GAP score alone. The thin-section CT-GAP model 
combines the fibrotic score with GAP score and shows im-
proved correlation with outcomes, especially in patients with 
mild disease (GAP score 3).
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