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Key Results = 75 words (max 75 words): 

• Mortality in our cohort of patients with Systemic Sclerosis associated Interstitial Lung 

Disease (SSc-ILD) was associated with high pulmonary 18F-FDG uptake in affected lung 

(SUVmax, p=0.027), high background uptake in normal appearing lung (SUVmin, 

p=0.002) and high target-to-background ratio (TBR, p=0.016). 

• Multi-variate Cox-regression analysis revealed that SUVmin (p=0.017) and ILD-GAP 

index (p=0.024) were the only independent predictors of overall survival which when 

combined (modified-ILD-GAP index) further refined the ability to predict mortality 

(p<0.001, log-rank test). 

 
Summary Statement = 29 words (max 30 words): 

Original data demonstrates that high pulmonary 18F-FDG uptake is associated with poor survival 

about:blank
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in SSc-ILD and may therefore be a much-needed sensitive biomarker to help risk stratify these 

patients. 
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Abstract = 300 words (max 300 words) 

Rationale: There is a lack of effective prognostic biomarkers in patients with systemic sclerosis 

associated interstitial lung disease (SSc-ILD). 

Objective: To investigate the potential of 18F-FDG-PET/CT to predict mortality in SSc-ILD. 

Methods: 45 patients with SSc-ILD (12-male, 33-female, mean-age 58.9±9.9yrs) were 

prospectively recruited for 18F-FDG-PET/CT. All patients underwent full clinical assessment 

including multidisciplinary team review, HRCT evaluation and standard pulmonary function 

tests (PFTs). The overall maximum pulmonary uptake of 18F-FDG (SUVmax), minimum 

pulmonary uptake or background-lung-activity in unaffected lung (SUVmin) and target-to-

background (SUVmax/SUVmin) ratio (TBR) were quantified using routine region-of-interest 

analysis. 

Kaplan-Meir analysis was used to identify associations with mortality. Associations between 

PET metrics and PFTs and the established ILD-GAP (gender, age and physiology) scoring 

system to predict mortality were also performed. Stepwise forward Wald-Cox analysis 

assessed the independence of the significant PET measurement(s) from the ILD-GAP index. 

Synergies between pulmonary 18F-FDG-PET measurements and ILD-GAP index for risk 

stratification in SSc-ILD patients were investigated.  

Results: During a mean follow-up of 53.8 months there were 15 deaths. The mean SUVmax±SD 

was 3.2±1.1 , SUVmin was 0.5±0.3 and TBR was 6.8±2.6. Mortality was associated with high 

pulmonary SUVmax (p=0.027), high SUVmin (p=0.002), high TBR (p=0.016) and low forced vital 

capacity (FVC, p=0.021), low carbon monoxide diffusion coefficient (KCO, p=0.021), and 

transfer factor (TLCO, p=0.012) and high ILD-GAP score (p=0.010) and ILD-GAP index (p=0.005). 

Multi-variate Cox-regression analysis revealed that pulmonary SUVmin (p=0.017) and ILD-GAP 
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index (p=0.024) were the only independent predictors of overall survival. Combining 18F-FDG-

PET uptake with ILD-GAP score data (modified ILD-GAP index) refined the ability to predict 

mortality (p<0.001). 

Conclusion: High pulmonary uptake of 18F-FDG predicts increased risk of mortality in patients 

with SSc-ILD. High background uptake in normal appearing lung (SUVmin) may have an 

additional independent prognostic benefit in addition to the ILD-GAP index to further risk 

stratify these patients.  
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INTRODUCTION 

Systemic sclerosis (SSc) is a rare chronic autoimmune rheumatic disease characterised by skin 

thickening and organ fibrosis (often involving the lung) (1). The aetiology is unknown but 

genetic and environmental factors are implicated and SSc is more frequent in women. The 

pathogenesis of SSc involves immune dysregulation, endothelial dysfunction and excess 

extracellular matrix deposition by fibroblasts leading to fibrosis.  

 

SSc is a heterogeneous disease with wide variability amongst patients (2). Pulmonary 

complications, namely interstitial lung disease (ILD) and pulmonary vascular disease, have 

now surpassed renal disease as the main cause of death (3). Characteristic autoantibodies are 

associated with SSc-ILD. The severity ranges from mild, limited interstitial involvement to 

rapidly progressive fibrotic disease leading to respiratory failure and death (4). Among 

predictors of more progressive lung disease are a shorter time interval between onset of skin 

disease and pulmonary fibrosis, male gender, black race and concomitant cardiac disease. 

 

Diagnosis for SSc-ILD requires cross-sectional imaging as a surrogate for histological analysis, 

except when biopsy is (rarely) available. SSc-ILD is recognised on high resolution CT (HRCT) as 

sitting on a spectrum ranging from inflammatory non-specific interstitial pneumonitis (NSIP), 

through fibrotic (f)-NSIP, to the more fibrotic usual interstitial pneumonitis (UIP) (5). In 

general, outcomes and response to treatment are correlated with the extent of lung 

involvement with a UIP pattern tending to be less responsive to treatment and demonstrating 

worse outcomes.  
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Clinical decisions for individual patients may be challenging with treatment approaches based 

on symptom monitoring, pulmonary function tests (PFTs) and HRCT. However, none of these 

give a dynamic view of disease activity nor the risk of progression. Functional measurements 

may be confounded by the multisystem nature of the disease (6). For instance, exercise 

testing performance can be impacted by cardiovascular, cutaneous, and musculoskeletal 

manifestations of SSc, with pulmonary function tests (PFTs), particularly lung carbon 

monoxide diffusing capacity (TLCO) measurements, affected by patient compliance and 

pulmonary arterial hypertension (7). Furthermore, PFTs are often insensitive to early lung 

disease (8). With the advent of new immunosuppressive regimes and anti-fibrotic agents 

there is a necessity to identify novel prognostic biomarkers to predict outcome and treatment 

response or failure in patients with SSc-ILD. 

 

Positron emission tomography (PET) offers the ability to non-invasively investigate cellular 

metabolism in vivo. The use of 2-deoxy-2-[18F]-fluoro-D-glucose (18F-FDG) PET is becoming 

increasingly established as a potential prognostic biomarker in idiopathic pulmonary fibrosis 

(IPF) (9–11), with evidence that 18F-FDG PET may aid patient stratification (12–14). 

Furthermore, there have been small predominantly retrospective studies to elucidate 18F-FDG 

PET metrics in SSc-ILD (15–19) with a single prospective study of 23 patients which attempted 

to define a link between the PET signal and serum biomarkers (20).  

 

In this study, we investigate the use of established 18F-FDG PET imaging and analysis 

techniques to risk stratify, with respect to mortality, a reasonably sized cohort of patients 

with SSc-ILD compared to the established ILD-GAP (gender, age and physiology) prognostic 

score (21).  
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METHODS 

Patients 

This prospective, institutional review-board approved study consecutively consented and 

recruited 45 patients with SSc-ILD from April 2010 to June 2018 (12-male, 33-female, mean 

age ± SD 58.9±9.9yrs). Subjects were recruited from the National Scleroderma Centre, Royal 

Free Hospital, and underwent 18F-FDG PET/CT at our institution. All patients underwent full 

clinical assessment including multidisciplinary team review, HRCT evaluation and baseline 

PFTs (including forced vital capacity, FVC, forced expiratory volume in 1 second, FEV1, and 

lung carbon monoxide transfer factor and coefficient, TLCO/KCO). Patients with infection 

and/or neoplasia were excluded on clinical and radiological grounds. The diagnosis of SSc-ILD 

was made on clinico-radiological grounds following multidisciplinary team (MDT) review. The 

recruitment process and subsequent observational phases are detailed in Figure 1. 

 

---Figure 1--- 

 

Patient Follow-up 

The patient follow-up period was defined from date of scan to death (all causes) or until 

August 2021 (8 years). Patient survival was confirmed using patient charts, electronic 

database, primary health care physician records, or telephone interview. 

PET/CT Acquisition  

PET/CT imaging was performed following MDT diagnosis. All images were acquired on the 

same PET/CT instrument (VCT PET/64-detector CT instrument, GE Healthcare, Waukesha, WI, 
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USA). Two imaging sequences of the thorax were performed whilst the patient remained 

supine on the table throughout. A CT was performed for attenuation correction and co-

registration of the PET dataset. Maintaining the patient position, a whole-body 18F-FDG PET 

emission scan (8 min per bed position) was performed 1 hr after injecting 200 MBq of 18F-FDG 

and covered an area identical to the CT. 

 

Image analysis 

Observers 

PET images were analyzed by a PET Radiologist and a Senior PET Technologist with > 10 years’ 

experience in quantifying pulmonary 18F-FDG PET uptake in SSc-ILD under the supervision of 

a senior dual-trained Radiologist/Nuclear Medicine Physician of >10 years’ experience. CT 

images were checked by a Thoracic Radiologist in combination with the patient’s previous 

dedicated HRCT images (acquired elsewhere). 

 

Image display and processing  

All images were loaded onto a propriety workstation. All datasets underwent image 

processing as previously described (9,14). Using a region of interest, the area of most intense 

pulmonary 18F-FDG uptake was identified and the highest image value (SUVmax) measured (see 

Figure 2).  

 
---Figure 2--- 

 

In addition, the uptake in normal appearing pulmonary parenchyma with the lowest SUV was 
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identified (SUVmin). In all cases this region was confirmed by the Thoracic Radiologist to 

conform to morphologically normal lung parenchyma on the co-registered CT (both on the 

lower resolution breath-hold CT component during the PET/CT and the previously acquired 

HRCT). SUVmin was therefore recorded as a measure of the background lung uptake and in 

turn used to calculate the target to background ratio (TBR= SUVmax/SUVmin) (9,14). 

 

The CT images of the PET/CT and previously acquired HRCT images were reviewed by a 

Thoracic Radiologist with specialist knowledge of ILD (>10 years’ experience), without 

detailed knowledge of the PET images as previously described (9,14). The pattern and 

distribution of abnormalities on the full HRCT dataset were classified into typical appearances, 

i.e. UIP, NSIP or other. 

 

ILD-GAP Calculation  

ILD-GAP calculation is based on four variables; gender (G), age (A), and 2 lung physiology (P) 

measurements (FVC and TLCO) (21). The resulting ILD-GAP model comprised continuous 

predictors (ILD-GAP score) and a simple point-scoring system (ILD-GAP index), which varies 

from 0, potentially indicating a good outcome, to 8, suggesting a worse outcome, and a simple 

point-scoring system (ILD-GAP index, stages I-IV). 

 

Statistical Analysis 

Statistical analyses were performed using SPSS for Windows version 19.0 (IBM, Armonk, NY, 

USA). Data were reported as mean ± standard deviation. In all analyses probability (p) values 

< 0.05 were considered significant. 
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Univariate Survival Analysis 

Relationships of PET parameters (SUVmax, SUVmin and TBR), PFTs (FEV1, FVC, TLCO and KCO) and 

ILD-GAP (score and index) with patient survival were assessed using univariate Kaplan-Meier 

(KM) survival analysis. In this exploratory work, for each of the parameters, the 

best/optimized value was used as a threshold (cut-off) to separate the survival plots (poor 

and good prognostic groups). Differences in the survival plots were further evaluated using 

the non-parametric log-rank test. KM curves for patients above and below each threshold 

were constructed to display the proportion of patients surviving at a given time.  

 

Multivariate Cox Regression Analysis 

Multivariate Cox regression analysis (step-wise Forward Wald) was used to determine which 

significant parameters  were independent in predicting patient survival.  

 

Modelling PET Data with ILD-GAP Analysis  

The computed ILD-GAP scores were then modified based on the significant PET parameters 

to determine whether combining ILD-GAP scores with PET measurements improved the 

ability to predict survival (14). Briefly, for a modified ILD-GAP calculation (mGAP), we 

proposed adding a fourth significant PET variable (SUVmax, SUVmin or TBR) to the existing ILD-

GAP score. For each patient, the best PET marker was binarized, based on the cut-off, as an 

adverse (coded as 1) or favorable (coded as 0) PET signal, similar to the coding employed in 

ILD-GAP calculation itself. This was added to the existing ILD-GAP score calculation where the 
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mGAP score ranged from 0 to 9 (as opposed to 0 to 8). For example, if a patient with an original 

ILD-GAP score=0 had an adverse PET marker (i.e. score of 1), the mGAP score would be 0+1=1. 

The mGAP index was then mGAP I=0-2, mGAP II=3-4, mGAP III=5-6 and mGAP IV=7-9. 
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RESULTS 

From 2010 to 2018, 45 SSc-ILD patients were recruited in total. The mean follow-up period 

was 44.8±26.1 months, with 15 deaths (33.3%) during follow-up. The clinical profile including 

demographics, PFTs and HRCT results of the patient cohort are summarised in Table 1. 

All patients (n = 45) 

Clinical Data 

Age (years) 58.9±8.9 

Sex (female) 33 (73%) 

Lung Function Tests 

FVC (% predicted) 72.0±19.7 

FEV1 (% predicted) 69.0±18.2 

KCO (min-1) 75.1±20.7‡ 

TLCO (mmol min-1 kPa-1) 47.8±18.4‡ 

Auto-antibodies 

Scl-70 19 

ACA 4 

RNAP-III 2 

snRNP 1 

“Other” 8 

No specific antibodies 10 

CT pattern 

NSIP 42 

UIP 3 

TABLE 1. Patient characteristics at baseline with PFT and CT findings. Values expressed as mean ± 

standard deviation for continuous variables and frequencies with percentages (%) for qualitative 

variables. Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) expressed as 

percentage predicted. Lung carbon monoxide transfer coefficient (KCO) and transfer factor (TLCO). 

Antibodies include: Anti-Centromere Antibody (ACA), Anti-Scleroderma-70 (Scl-70), Anti-RNA-

polymerase III (RNAP-III), Anti-small nuclear ribonucleoprotein (snRNP). CT findings separated patients 
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to predominantly non-specific interstitial pneumonia (NSIP) or usual interstitial pneumonia (UIP) 

patterns. ‡ Note: n=35 as 10 patients were unable to complete gas transfer measurements. 

 

Values for SUVmax, SUVmin (background lung activity) and TBR are summarised in Table 2. 

Significant associations between pulmonary uptake of 18F-FDG (SUVmax , SUVmin and TBR) and 

survival, where patients below the best/optimised cut-offs had a poorer prognosis than 

patients below these values, are summarised in Table 2 with the KM survival curves displayed 

in Figure 3. 

 

PET / PFT 
Markers 

Mean (±SD) Cut-off 
(best-value) 

Poor (Median 
survival) 

Good (Median 
survival) 

p-value 

SUVmax 3.2 (±1.2) 2.975 23 (60.1) 22 (--) 0.027* 

SUVmin 0.5 (±0.3) 0.85 6 (18.9) 39 (--) 0.002* 

TBR 6.8 (±2.6) <6.61 20 (44.3) 25 (--) 0.016* 

FVC (%) 72.0 (±19.7) <72.5 25 (60.1) 20 (--) 0.021* 

FEV1 69.0 (±18.2) <65.5 20 (60.1) 25 (--) 0.142 

TLCO 47.8 (±18.4)‡ <55.5 32 (116.3) 13 (--) 0.012* 

KCO 75.1 (±20.7)‡ <63.5 20 (43.2) 25 (116.3) 0.021* 

ILD-GAP-score 1 (0 - 2)  1 26 (43.2) 19 (--) 0.010* 

ILD-GAP-index II (I - III)  II 19 (21.4) 26 (116.3) 0.005* 

Table 2: Kaplan Meier Survival Analysis based on optimised cut-off values for PET (SUVmax, SUVmin, 

TBR), and PFT (FVC, FEV1, KCO, TLCO) parameters and ILD-GAP score and index. Estimates of median 

survival where applicable in months (– indicates that median survival not calculated). * Indicates 

significance p<0.05. ‡ Note: 10 patients were unable to complete gas transfer measurement of 

TLCO/KCO and these were set as poor values (i.e. below median). Calculation of mean and SD were 

however from n=35 while n=45 for the other variables. # ILD-GAP score and indices are expressed as 

median with inter-quartile ranges given the discrete values. 
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---Figure 3--- 

 

Approximately 65% of patients with a SUVmax ≥2.975 at baseline survived at 2 years and 

~48% at 5 years, whilst survival was approximately 91% and 86% respectively below the 

threshold. The 50% mortality above the threshold was 5 years, while below the threshold the 

value did not drop below 50% during the follow up period. Of the patients with TBR≥6.61, 

approximately 60% survived at 2 years and 50% at 5 years, whilst survival was approximately 

92% and 80% respectively below the threshold. The 50% mortality above the threshold was 

44 months, while below the threshold the value did not drop below 50% during the follow up 

period. 

 

Median SUVmin, did not significantly inform outcomes, we therefore worked out a 

discriminatory level of  SUVmin which was ≥0.85. Of the patients with SUVmin≥0.85 (6 patients 

in total), 33% survived at 2 years and ~17% at 5 years, whilst survival was approximately 85% 

and 74% respectively below the threshold (39 patients). The 50% mortality above the 

threshold of SUVmin≥0.85 was 19 months, while below the threshold the value did not drop 

below 50% during the follow up period.  

 

Similarly, significant associations were also seen between FVC, TLCO, KCO and ILD-GAP score 

and index with survival with the 2-year and 5-year survival and median survival values listed 

in Table 3 and displayed in Figure 4.  
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PET / PFT Markers 
with cut-off values 

Survival 
at 2 years 
above 
threshold 

Survival at 
5 years 
above 
threshold 

Survival at 
2 years 
below 
threshold 

Survival at 
5 years 
below 
threshold 

50% 
mortality 
above 
threshold 
(months) 

50% 
mortality 
below 
threshold 
(months) 

SUVmax ≥ 2.975 65% 48% 91% 86% 60 -- 

SUVmin ≥ 0.85 33% 17% 85% 74% 19 -- 

TBR ≥ 6.61 62% 48% 92% 83% 44 -- 

FVC < 72.5% 90% 90% 60% 32% 60 -- 

TLCO <55.5%  100% 100% 69% 53% 60 -- 

KCO < 63.5 96% 80% 91% 86% 41 -- 

ILD-GAP score ≥ 1 62% 54% 100% 89% 40 -- 

ILD-GAP index ≥ II 54% 47% 96% 85% 19 -- 

Table 3: Estimated 2 year and 5 year survival percentages with 50% survival in months for each of the 

significant variables based on the optimised cut-off values for PET (SUVmax, SUVmin, TBR), and PFT (FVC, 

KCO, TLCO) parameters and ILD-GAP score and index. Estimates of median survival where applicable in 

months (– indicates that median survival not calculated).  

 

---Figure 4--- 

 

Mutlivariate Cox Regression Analyses Assessing Independence of PET markers and 

ILD-GAP Index  

The only PET parameter found to be independent of ILD-GAP analysis was SUVmin. By including 

SUVmin and ILD-GAP index in the Cox regression model, SUVmin (threshold>0.85, HR: 4.2, 95% 

CI: 1.3-13.4, p=0.017) and ILD-GAP Index (threshold>1.5, HR: 3.9, 95% CI: 1.2–12.8, p=0.024) 

were both independent predictors of survival. 
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Modelling of PET Derived SUVmin in Combined ILD-GAP Analysis  

There was synergy in survival associations between SUVmin and ILD-GAP index with the 

modified ILD-GAP index (mGAP) using SUVmin showing an improved risk stratification over the 

original ILD-GAP analysis (see Figure 5). It is hypothesised that this combined system may be 

useful to further risk stratify patients in future.  

 

---Figure 5--- 
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DISCUSSION 

We present the largest cohort to date of prospective 18F-FDG PET data from patients with SSc-

ILD. In this population we have shown that baseline objective measures of 18F-FDG uptake on 

PET are related to patient survival. High pulmonary 18F-FDG uptake as measured by SUVmax, 

SUVmin and TBR were associated with poor survival. However, it was the uptake of background 

“unaffected” lung (SUVmin) that has proven to have an additional independent prognostic 

benefit in addition to ILD-GAP index rather than the uptake in clearly abnormal lung (SUVmax 

and TBR). This is similar to previous findings where the uptake in normal appearing lung on 

CT was found to provide prognostic information in ILD (10,12). Whether this relates to the 

relatively small sample size is unclear and these findings will need to be confirmed in a larger 

independent patient cohort. The findings may however give important insights into 

pathomechanisms and the basis of the 18F-FDG-PET signal. 

 

FVC, TLCO, KCO and the combination of these measures with gender and age in the ILD-GAP 

score and index in our population were also predictors of survival. PFTs including spirometry 

and TLCO are often difficult for patients to perform, especially in the context of SSc where 

limitation of respiratory movements can be a feature in advanced disease (of note, 10 

patients in our cohort were unable to perform TLCO/KCO measurements). Moreover TLCO has 

been shown to be a composite marker of several physiological processes and has been noted 

to reduce in the context of pulmonary arterial hypertension (PAH) in patients with SSc (22). 

High pulmonary uptake of 18F-FDG has been seen in PAH (23,24). It is therefore unclear 

whether the high uptake in background lung in the sub-cohort of patients is related to co-

existing PAH. 
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Although SUVmax and TBR were not independent of ILD-GAP index in our cohort, these 

measurements were also prognostic and might be useful in patients in whom PFTs (including 

gas transfer measurements) are not possible. The advantage of assessing glucose uptake 

using TBR, rather than using the more common SUVmax, is that the use of a background lung 

region allows standardisation of measurements. Previous findings from a study in patients 

with IPF demonstrated that TBR was found to have an association with survival (14) and the 

current EANM consensus recommendations include the use of TBR as a quantitative 

biomarker in the monitoring of ILD (25). 

 

As in our study, previous works investigating predictors of mortality in SSc-ILD have involved 

low numbers of patients due to the relatively low incidence of the disease. Currently SSc-ILD 

patients with FVC>70% predicted are thought to have limited disease even with up to 30% 

lung involvement on HRCT (26,27). A recent analysis of data from the SENSCIS® study 

investigating the efficacy and safety of nintedanib noted that a decrease in FVC% predicted 

of ≥3% was associated with a shorter time to first hospitalisation or death in the 52 week 

follow up period (28). Whether this is detectable outside the context of a clinical trial given 

the variation in spirometry measurements is open for debate. Furthermore, often progression 

is defined as >10% drop in FVC or >15% drop in TLCO (29).  

 

Methods of combining FVC and TLCO using a variety of scoring systems (including ILD-GAP as 

in this work) appear more sensitive but require patients to complete both tests and often 

need intervals of 12-24 months between measurements. Indeed, the GAP scores were 

originally developed to stratify cohorts of patients rather than to predict individual outcomes. 



19 

In an era of precision medicine, the FDG-ILD-GAP (mGAP) may improve the clinical assessment 

in ILD. 

 

Given the heterogeneous outcome in SSc-ILD, predictors of mortality are important to inform 

shared decision-making, including referral for hematopoietic stem cell or lung 

transplantation. Here, we show that SSc-ILD patients with high 18F-FDG uptake (SUVmax and 

TBR) have approximately double the risk of death compared to those with low measurements. 

Furthermore, we provide early evidence that those patients with high uptake in normal 

appearing lung (SUVmin) have the highest mortality risk. 

 

At present patients considered to have limited or stable disease may not be considered for 

treatment escalation to first-line mycophenolate mofetil or cyclophosphamide (30). Second-

line treatment with immune modulators such as tocilizumab or ritixumab is usually reserved 

for those that fail to respond based on current PFT and HRCT surveillance, possibly requiring 

6-12 months to become appreciable. Finally, antifibrotic drugs are often reserved for 

progressive fibrotic disease given the associated toxicities. Our data shows that a high 

pulmonary 18F-FDG uptake may identify patients that have poor survival independent of PFT 

measurements. The use of 18F-FDG PET in this context raises the possibility of selecting 

patients for escalated immune modulation in a wider subpopulation, or potentially using 

pulmonary uptake of 18F-FDG on PET as a response biomarker for drug development. 

 

There has been much interest in clinical models of risk prediction that consider clinical 

parameters and more recently imaging, to build a risk score. These have been aimed mainly 

at IPF although the original GAP model has been modified for use across all ILDs including SSc-
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ILD and has been shown to perform well (21,31,32). These are mainly useful when stratifying 

cohorts of patients for clinical trials rather than for assessing individuals. Alternatively, serum 

biomarkers may be able to prospectively predict patients at most risk of disease progression. 

Future studies combining clinical models, serum biomarkers, and functional imaging may 

further refine the theranostic approach in SSc-ILD. 

 

HRCT continues to be the main diagnostic imaging investigation in SSc-ILD. A number of 

investigations have provided associations between survival data and scoring/grading systems 

of HRCT findings (33). However, there is limited data showing the benefit of using this imaging 

technique in clinical trials to date. In contrast, our imaging approach utilises metabolic 

functional data and the exquisite sensitivity of PET. 

 

Although HRCT is essential for diagnosis, the 18F-FDG PET signal has been shown to arise from 

structurally normal lung parenchyma on HRCT in IPF (10,12) and in small cohorts of patients 

with SSc-ILD (13,15,17,19), although this has been more variable with 2 larger recent studies 

reporting no increased 18F-FDG uptake in normal appearing lung (18,20). None of these prior 

smaller 18F-FDG PET/CT studies have been able to find a link between uptake values and 

mortality, although most found associations with PFTs. Whether this is related to study size, 

differing acquisition and analysis methodologies, or the patient populations (several studies 

having patients with established pulmonary disease for several years) is unclear. We report 

the largest cohort to our knowledge of SSC-ILD patients with baseline 18F-FDG PET data.  

 

The precise cellular mechanisms underlying the observed FDG-PET signal in SSc-ILD are as yet 

unknown, although we have early data in fibrotic ILD suggesting that FDG-PET may report 
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neo-angiogenesis (34). In addition, the novel tracer 68Ga-FAPI-04 which binds to fibroblast 

activation protein has been proposed as a biomarker in connective tissue disease associated 

ILD (35). It is unclear how 68Ga-FAPI-04 and 18F-FDG uptake correlate.  

 

Study limitations include the fact that, to increase recruitment, the PET study was not always 

performed at diagnosis. Our data however imply prognosis may be determined at various 

stages of disease. There are many technical factors that need to be appreciated in this type 

of imaging such as respiratory gating, more complex air-fraction correction, and 

compartmental modelling approaches. The techniques used here acknowledge the challenges 

of such imaging with the methods recognised as robust (25). The authors have been able to 

make significant survival observations using these routine PET measurements.  
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CONCLUSION 

We have shown that high pulmonary uptake of 18F-FDG is associated with mortality in patients 

with systemic sclerosis associated interstitial lung disease (SSc-ILD). Furthermore, we present 

early evidence that uptake in background normal appearing lung (SUVmin) may have an 

additional independent prognostic benefit in addition to ILD-GAP index. These PET findings 

could therefore potentially indicate that 18F-FDG PET may be a much clinically needed 

sensitive biomarker to help risk stratify patients with SSc-ILD. 
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Figure 1. Flow diagram detailing the recruitment and analysis phases for patients included in 

this prospective observational study. Note that all patients who wished to participate 

completed the 18F-FDG PET/CT examination. 
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Figure 2. Co-registered i) CT and ii) 18F-FDG PET of a patient with non-specific interstitial 

pneumonia (NSIP), showing A) region of interest placement measuring maximal pulmonary 

18F-FDG uptake (SUVmax) and B) background uptake in unaffected lung (SUVmin). 
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Figure 3. Kaplan-Meier survival analysis curves demonstrating relationship between A) SUVmax 

(cut-off value of 2.975), B) SUVmin (cut-off value of 0.85) and C) TBR (cut-off value of 6.61) and 

survival in all SSc-ILD patients showing that 18F-FDG PET is able to risk stratify patients. 
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Figure 4. Kaplan-Meier survival curve analysis demonstrating relationship between A) FVC 

(cut-off value of 72.5%), B) TLCO (cut-off value of 55%), C) KCO (cut-off value of 63.5%), D) ILD-

GAP score (cut-off value of 1) and E) ILD-GAP index (cut-off value of II) and survival in all SSc-

ILD patients. Units of TLCO are mmol min-1 kPa-1 and KCO are min-1. 
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 Figure 5. Kaplan-Meier survival curves from the modified ILD-GAP calculation (mGAP) 

combining SUVmin, showing that 18F-FDG PET may be able to further enhance mortality 

prediction. *There was a significant difference in the survival curves based on the PET 

modified ILD-GAP index (p<0.001, log-rank test). 


